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PART II.-AN ANNOTATED INDEX 


OF 

MINERALS OF ECONOMIC VALUE 




INTRODUCTORY NOTE. 


I N the compilation of these Notes my object has been to furnish a 
^uide to tlie literature on the subject of Indian minerals of economic 
value, at the same time indicating as concisely as possible the nature 
of the information given by each observer, whether it be a merely 
casual statement, or a more or less elaborate and authoritative^ 
description of the occurrence. The Notes are intended to be used 
in conjunction with the Bibliography which forms the first part 
of this work. TIk^ figures inserted in brackets after the observerks 
name correspond to the serial number allotted to each autlior, and 
are followed, where necessary, by the number of the page on which 
the reference will be found. In the case of re-prints, or i-lie publi- 
cation of a paper in more than one periodical, the page number given is 
that of the first in order of publication, as shown in the Bibliography. 

In one respect, it must be admitted, these Notes fail to give 
a complete review of our knowledge in respect of the mineral wealth 
of India, since they deal only with matter that has actually been 
published, and consequently take no account of the large number 
of observations that must have been accumulated by the numerous 
prospectors wlio have been busily e»»Tployed in tlie investigation 
of the mineral resources of the country within recoJit yt'ars. Much 
of the informaffon thus collected is stored up in the progress reports 
and correspondence files of the (Ecological Survey Department 
i]] CVilciitta, where it was not accessible to myself ; but wheue it 
may be studied, when not of a confidential nature, by those who are 
interested in the subject either in its scientific or commercial aspects. 

The classification of the mirterals in accordance with their 
chemical composition, adopted in the Manual of the Economic 
(Jcology of India compiled by Dr. Valentine Ball in 1881 , is re- 
placed by a less scientific, but perhaps more convenient alphabeti- 
cal arrangement, which has the advantage of dispensing with the 
need of a separate index. Certain minerals, either economically 
or chemically related to each other, such as building materials, 
gem-stones, sulphates, etc., are grouped under a single head ng, 
in accordance with the practice followed in the Quimiuennial 
Keviews of Mineral Production issued by the (Ecological Survey. 
Heavy type is then used, where necessary, in order to render the 
names of the minerals thus grouped together more conspicuous in the 
text. The geographical distribution of the minerals is dealt with in a 
Similar manner ; the Provinces, including the laigcr Independent 
States the Districts and smaller States, and final 'y localities being 
arranged in alphabetical order. Where a smaller State is included 
^within the limits of a District, the name is inserted in brackets. 
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INTRODUCTORY NOTE. 


The co-ordinates of latitude and longitude are taken, wherever 
possible, from the ‘ Atlas of India,’ on the scale of 4 miles=l inch ; 
and in a few cases from the Standard one-inch maps. The longi- 
tudes taken from the ‘Atlas ’ require a correction of — 3' 36", and 
those from the Standard sheets of — 2' 27", in order to reduce them 
to the latest value of the meridian of the Madras Observatory ; 
but for obvious reasons it has been thought advisable to give the 
uncorrected values. Since all the places mentioned lie to the north 
of the equator and east of Greenwich, the indicators N. lat. and E. 
long, are omitted. 

The spelling of the names of provinces and districts is that 
given in the recently published edition of the Imperial Gazetteer 
of India ; while that of the place names generally follows the system 
adopted in later editions of the ‘ Atlas of India.’ 

Certain monographs on particular minerals, compiled at various 
times by Officers of the Geological Survey, are referred to by dis- 
tinguishing letters inserted in brackets, with the number of the 
page on which the occurrence is described. 

These are : — 


Title. 

Authors. 

Serial No, 
in 

Bihliogra- 

I'liy- 

! 

1 Distingui.sh- 
1 j'ng 

lotto". 

1. Manual of the Economic Geology 
of India. 

Dr. V. Ball 

71—15 

B 

2 , Coal Fields of India . 

Dr. V. Ball and 

R. R. Simpson. 

72 

S 

3. Corundum .... 

Sir T. H. Holland 

859—25 

H 

4. Manganesc-Oio De[>osits of 

India. 

L. L. Fermor 

577—22 

F 

5. Mica Deposits of India . i 

Sir T. H. Holland 

869—37 

H 

6. Thermal Springs t f India {Mineral j 
Waters.) 

Dr. T. Oldham and 
R. D. Oldham. 

1327—2 

0 

7. Oil-fields of Burma . 

S. Petroleum Occurrences of Assam 
and Bengal. 

1 

jE. H. Poscoo j 

1369- u 

1369-13 

j 

i 

1 


I feel greatly indebted to Dr. L. L. Fermor, the recognised authority 
on the occurrence of manganese ore in India, for his kindness in revising 
the notes on that mineral. 


T. H. D. LaTOUCHE. 
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The following works deal generally with the distribution of economic, 
minerals in India and in certain of the Provinces : — 

INDIA. 

1857. Balfour (69 — 8), Cyclopaedia of India and of eastern and 
southern Asia. 

1881. Ball (71 — 45 ). Manual of the economic geology of India. 

1882. Ball (71 — 54 ). The mineral resources of India and their deve- 
lopment. 

1889*96. Watt (1903 — i). Dictionary of the economic products of 
India. 

1906. Simmersbach (1637). Die bergbauliche Entwicklung und die 
Metalleinfnhr von Britisch-Ostindien. 

1907. Holland (859 — 65 ). The Indian Empire : — Mines and Minerals. 

1908. Holland (859 — 69 ). Sketch of the mineral resources of India. 

1908. Watt (1903 — 5 ). The commercial products of India. 

* 1908. Freise (622 — 2). Berg-und hutten-niannische Untersuchungen 

in Asien und Afrika wiilirend des Altertuins. 

1911. de Launay (459 — 2). La geologic et les richessesminerales de, 
I’i^sie. 

BURMA. 

1850. Mason (1185 — l). The natural productions of Burmah. 

1879. Doyle (501~*r>). A contribution to Burman Mineralogy. 

1882. Mason and Theobald (1186). Burma, its people and pro- 
ductions. 

MADRAS. 

1850. Hunter (894 — 5 ). List of articles from the mineral kingdom, 
the produce of the Madras Presidency. 

1851. Hunter (894 — 6). Report upon the mineral products of the 
Madras Presidency, sent to the great national exhibition of 1851. 

1851. Hunter (894 — 9). The resources of the Madras Presidency. 
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ECONOMIC MINERALS. 


»• PUNJAB. 

1868. Baden-Powell (60 — i). Handbook of the economic products of 
the Punjab. 

RAJPUTANA. 

]87f). Blanford and Hume ( 161 ). Notes on the useful minerals of 
Rajputana. 


The trend of recent developments in the exploitation of the mineral 
resources of India is indicated by the table given below, the figures in 
which are taken from the Reviews of Mineral Production ( 859 — 50 ; 
861 ; 862 ) issued qiiinqueunially by the Geological Survey Department ; 
and for the years 1914 and 1915 from the annual reports of the Director 
(79a^33; Records, G. S. L, Vol. XLVII, Pt. 3). Columns 1 to 3 give 
the average values for each quinquennial period. 

The minerals included are those for which approximately trust- 
worthy returns are furnished. 


Minerals. 

1 1808 

i to 

' 1903. 

1904 

to 

' 1908. 

I 

1909 

tu 

1913. 

1 

1914. 

1915. 

1 

1 



£ 

£ 

! £ 

i 

I £ 

Alum (/) 

; (0 i 

2,047 

2,812 

i 4,649 

1 

i 4,393 

Amber . 

! 362 

648 

182 

274 

i 199 

Chromite {a) , 

(i) 

9,110 

4,282 

2,611 

3,531 

Coal (a) 

! 

: 1,225,077 ' 

2,139,249 

2,069,305 

3, 907, .ISO 

1 3,781,064 

Copper Ore . 

(0 

{^■) 

5,732 

7,294 

j 14,381 

Cur Lind uni {e) 

; (w)312 1 

(m) 170 

1 ,385 

j 447 

277 

j 

.Diamonds 

1 (») i 

2,799 

872 

79l 

603 

Gold . . ! 

j j 

1,904,719 1 

2,266,307 

2,241,844 

2,338,355 

2,369,486 

Graphite 

(e) 11,981 i 

(a) 12,879 

(k) 16,363 

(0 

168 

Gypsum 

(0 I 

161 

i 

774 

979 ! 

i 

979 


(a) Spot prices, (e) Estimated value, {i) No returns avaihhle. (k) Production 
ceas^in 2912, (/) In Mianunli^ Punjdh, (m) In Mysore, 

0 . 
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Minerals. 

1898 

to 

1903. 

1 1904 

1 to 

j 1908. 

! 

1900 

to 

1913. 

1014. 

i 

1915, 


£ 

1 

£ 

£ 

£ 

£ 

J ron Ore 

(/) 13,581 

(/) 13,709 

(q) 20,519 

40,665 

31,886 

Jadestonc (h) 

44,770 

01,353 

55,373 

40,002 

62,070 

Load and Lead 
Ore. 

(i) 

(0 

128,782 

202,330 

316,182 

Magnesite (r) 

519 

680 

2,403 

i).)7 

3,973 

Manganese Ore 

(c) 

79,443 

031,700 

822,876 

. 

877,204 

920,510 

IMica {h) 

80,120 

170,120 

230,747 

237,310 

183,917 

^luriazite 

(i) 

(0 

(h) 35,825 

41,411 

33,238 

PotnJeum {a.) 

185,810 j 

502,887 

028,072 

058,565 i 

1 .25(!..''03 

1 

Ruby, Sapphire | 
and Spinel. | 

80,345 

1 

j 

84,406 : 

1 

63,272 

43,133 

30,298 

Salt (d) . i 

1 

347,807 1 

■151,339 ■ 

507,204 

483,280 

000,254 

Saltpetre (b) , | 

i 

262,603 1 

208,012 ' 

240,280 

272,462 

373.891 

Siker . . i 

'w 1 

(t) ; 

(n) 9,341 

(n) 26,896 

31,150 

Steatite (e) . I 

1,900 1 

008 i 

2,524 

4,146 

2,578 

1 

Tin Ore and 
Tin. 1 

C,875 { 

1 

i 

(a) 10,992 

30,100 

38,203 

54,980 

Tungsten Ore j 

(0 1 

(0 

76,481 

178,543 

290,772 

Zinc Ore 

1 

(‘■) 

(«■) 

(0 

(«) 10,702 i 
1 

174 


(a) Spot paces, {h) Export values, (c) Export values of quanlitifs aciualhj 
exported, {d) Prices without duip, (e) Esimaied value. (/) Value estimated for 
provinces other than Beuejal. (ej) Value esiiitiated for provinces other lhari 
Bengal, Bihar and Orissa, (h) Average for 3 years, (i) Ao returns amilaUe, 
At Bawdwin, Upper Burma, 
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AGATE-ALUM. 


AGATE 5^6 urider GEM-STONES. 

ALUM. 

AFGHANISTAN. 

Griesbach (708 — 2i, 91) mentions the occurrence of alum shales at 
several distinct horizons in the Carboniferous rocks of the Kam Shilman 
valley, to the N. E. of Landi Kotal (34"^ 6' : 7r 9'). 

ASSAM. 

Lakhiiwpur.— Makum (27'" 18' : 95"* 41'). Mallet (1159 — 9, 361) 
suggests that ahun and sulphate of iron might be profitably manufac- 
tured from the pyritous shales associated with the coal seams of Upper 
Assam (B. 435). "" 

BIHAR AND ORISSA. 

Gaya. — Rajghir hills. An impure native sulphate of alumina 
(salajit) is described by Martin (1181, VoL J, 254) as exuding from the 
face of a cliff at Hangriyo (? Hanreea, 24" 57' : 85" 28^) in the 
‘ Rajagriha’ hills. The beds from which the mineral exudes are situated 
in an almost inaccessible position, about 30 feet above the mouth of 
a cave. The substance is sold in the bazaars as a medicine {gee under 
NEPAL). 

Slialiabad.— R ohtascarh (24" 38' : 83" 58'). According to Sherwill 
(1625 — 5, 281), thick beds of alum shale are exposed at the base of the 
Kaimur sandstones in the glens in the neighbourhood of Rohtasgarh,. 
and in the valleys of the Dhrguti and Sugia-koh rivers. The alum 
is associated with masses of ])yrites and with sulphate of iron. Small 
quantities of alum were being manufactured at Phulwaria, to the N. 
of Rohtasgarh and 4 miles W. of the Son R., for sale as a medicine 
(1625 — 4, 58 ; — 6, 17). Martin (1181, Vol. J, 529) describes the same 
occurrences, and says that the band of alum shale is about 10 feet thick 
(B. 431). 

BOMBAY. 

Bdgaum.—GoKAK (16" 10' : 74" 53'). Newbold ( 1294 — 20 , 22 ; 
— 41, 279) notes the occurrence of shales containing an appreciable 
quantity of alum at the foot of the Gokak Falls on the Ghatprabha 

R. 


flitch. — Mhurr (23" 33' : 69" 0' 30"). Considerable quantities of 
alum were formerly manufactured at Mhurr from pyritous shales asso- 
ciated with a soft aluminous pseudo-breccia of the sub-nummulitic 
group in Cutch. Narrow, tortuous passages are driven into the deposit, 
to a depth of about 100 feet, and the material excavated is exposed to 
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ALUM. 


the air in heaps for a period of four to five months, during wWch slow 
combustion takes place owing to the decomposition of the pyrites. It 
is then spread out and sprinkled with water for twelve days, when the 
resulting efflorescence, called 'phitkari ka hij (seed of alum), is collected 
and boiled in large iron pans with the addition of saltpetre or other 
potash salt, obtained by lixiviating the earth from village refuse heaps 
in the neighbourhood, in the proportion of IG^of the ' alum seed ’ to 
6 of the potash salt. The liquor is then allowed to crystallise in small 
earthen vessels. The crystals are re-boiled one or more times to con- 
centrate and purify the solution, which is then placed in largm earthen 
pots sunk in the ground, where tlie alum finally ciystallises out in large 
masses (Anon., 35—1 ; Grant, 691 -- 3 , 295 ; Jacob, 924 — 5 , 59 ; Wynne, 
1975^11, 87). 

Macmurdo (1145 — l, 210) gives a similar account of the manufac- 
ture of alum from the water of a te])id sprijig called the Chacukra 
Kund, a sliort distance to the nortli of Mliurr. 

In the year 1802 Jacob estimated the production of alum at Mhurr 
as from 28,000 to 35,000 cwt. annually ; Init in 1872, according to Wynne, 
it had fallen to about 6,000 cwt. Subsequently the demand ceased 
altogether, and the industry died out (B. 432). 

Mormijgao (15" 24': 73" 51'). Fennor (577-27) has noted 
the occurrence of an efilorcscence of potash alum on the face of a cliff 
composed of altered argillaceous rocks, probably of Dbarwarian age, 
close to the railway station at Mormiigao. It is derived from particles 
of pyrites disseminated through the rock. The commercial value 
of the deposit depends upon the amount of pyrites that still remains 
undecomposed, 

Sind, — Alimi is manufactured from pyritous shales in the Gaj beds 
on the Maki Nai (27" 3' : 67" 23') and at several other places among 
the hills of w^estern Sind; also from shales in the Ranikot group at 
Ranikot (25" 54' : 67" 56') ; and in the Nari group at Rill (25" 37' : 
67" 33') in the Kohistan Taluk (Rlauford, 148”AL'b 195). Another 
locality, Shah Has>san near Trini (26" 23' : 67" 43' 30"), is mentioned 
by Vicary (1845 — 5, 343). The process of manufacture was not 
observed, but is said to consist in burning the shale and lixiviating it 
when 'burnt, with the addition of a potash salt (B. 433). 

BURMA, 

Salween, — A discovery of alum shales in the. neighbourhood of the 
Yunzalin R. (17" 30' : 97" 40') was reported by Brandis in 1862 (B,. 
435). 


5 



ALUM. 


Tavoy. — Mason (1185 — i, 33) records the occurrence of alum in 
soft reddish clay slates in the valley of the Tenasserim R., about 40 
miles below Matah (? Myittita, 14'^ 10' : 98 ° 32 '). 

MADRAS. 

Travancore. — Clays containing thin laminae of pyrites, giving rise 
to an efflorescence of bright yellow alum, arc exposed, according to 
King (987 — 2(5, 98), in clifis of the Warkalli beds between Warkalli 
(8° 44' : 76° 46') and Anjengo (8° 40' : 76° 49'). The alum clays are 
about 25 feet in thickness. 


NEPAL. 

Alum is found exuding from soft rocks at many localities among 
the hills of Nepal, and is exported under tlie name of salajit or silajit 
to the bazaars of India, where it is held in great repute as a medicine. 
Campbell (267 — 2) says that the quantity exported is not more than 
11 or 14 cwt. annually. A sample purchased by Htevenson was found 
to contain 95 per cent, of sulphate of alumi?ia with 3 per cent, of iron 
(1698 — 2) ; but the proportion of sulphate of alumina in average quali- 
ties is said to be about OG per cent. 

A substance known as black salajit, also used for medicinal 
purposes, is of an entirely dilierent composition. It is a dark brown 
substance of a bituminous-like consistejicc, and according to Hooper 
(868 — 1) is an extractive' matter containing an orgaiiic acid oombiiied 
with alkalis, soluble in w^ater. It is probably of vegetable or animal 
origin (B. 435). 


PUNJAB. 

JIhelum. — The highly pyritous shales associated with Tertiary 
coal seams at the Dandot colliery (32° 39' : 73° O') might be used, 
as Darn (421 — 2, 281 ) suggests, as a source of alum. Wynne (1975 — 18, 
301) states that the manufacture of alum w^as formerly carried on at 
ViRGAL (32° 27' : 72° 7') and Amb (32° 30' : 71° 59'), in the Salt 
Range, from black shales on the same horizon as at Dandot, that is to 
say, at the base of the ninnmulitic limestone of the plateau (B. 434). 

Mianwali.— K alabagh (32° 58' : 71° 37') and Kotki (32° 59' : 
7i° 28'). Practically the whole of the alum now produced in India 
■ on a commercial scale is manufactured at Kalabagh, situated on the 
Indus at the eastern end of the trans-Indus Salt Range, and in the 
neighbourhood. The earliest mention of the industry is by Mohan Lai 
in 1838 (1234 — i, 26), who gives a brief description of the process 
of manufacture. Subsequently full accounts were published by J ameson 

Of 



ALUM, 


(931 — r>, 212). Fleniin^ (591 — i, 522 ; — -3, 68t) ; —5, 355), and Wynne* 
( 1976 — IB, 301 ; —28, 303, quoting Floming) ; but the most complete 
is that given by Darn in 1910 ( 421 — 2 ) , from whicdi the following abstract 
is derived. 

In the Halt Kange near Kalabagh, alum shales are found at two 
distinct horizons in the Eocene (mini niiili tic) series, and again at the 
base of the underlying Jurassic series. Only one^of these beds, situated 
at or near the base of the Eoiume. is sufliciently rich in sulphur content 
to be used for alum making. The thickness varies from 7 or 10 feet 
at Ivalal)agh to 25 or 40 feet at the head of the Chichali pass near Kotki, 
a distance of 9 miJ(\s. Ahout a mile beyond the lattm* locality it appears 
to die out. The pyrites is disseminated throiigli the sliales in micro- 
seopio |)articles, and the proportion of sulphur varies greatly, from 2 to 
nearly 13 pen* cent. Workable shale, known as ro/, contains an average 
of 9’5 of sulphur, and is distributed in patches tliroiigh the bed. Mining 
is conducted on no systematic plan, but the mim‘ral is extracted by 
means of narrow, tortuous passages, remh>red unbearably hot by reason 
of the decomposition of the pyrites, and without any provision either 
for ventilation or drainage. 

The shale l)rought from the mines is built up with layers of brush- 
wood, and of clay that has been once Inin^t and exposed to the weather 
for at least a year, into heaps aliout 18 fei't in height, and roasted, fresli 
layers being added at one side of the hea|), while the other is cut out 
for leacliing. The burnt clay is added in order to absorb as much as 
possible of the sulphurous fumes from the fresh shale, but much of the 
sulphur is lost by volatilisation. 

The process of lixiviation is somewhat complicated. The roasted 
shale is steeped in water for two days in tanks (rjdddn), lined with a 
mixture of re-burnt wood ashes, lime and cowdung, and the liquor is 
run into a settling tank {chorh), where it remairis for 24 hours, [n 
the meantime another portion of burnt shale has b(‘en steeped for 25 
hours wdth some of the mother li()Uor from tlie crystallisation tanks 
in a smaller tank {(ol). The solution from the chorh and lot are then 
])oiled together for an hour in large iron pans, and run into a final settling 
tank (nildr), which is filled with the remainder of the mother liquor. 
After resting for 8 hours, half the contents of the nitdr are boiled for 
3 liours, when a certain proportion of shorn, a mixture of chlorides, 
nitrates and sulphates of soda and of potash, with trace.s of carbonates, 
obtained by leaching out the efflorescent soil'found at various places 
in the district, is added. Boiling is continued for another 7 hours, when 
the contents of the pan are transferred to a crystallising tank, and the 
pans are filled with the liquor remaining in the nitdr, The crude crystals 
are removed after 5 or (i days, and are purified by fusing them for 2 hours 

7 



ALUM-ALUNOaEN. 


in their own water of crystallisation. The liquor is finally crystallised 
in large earthenware jars half sunk in the ground. 

It is pointed out by Daru that the use of lime in the lixiviating 
tanks results in a very considerable loss of alum, and that this would 
be avoided by lining them with gypsum, which is found in abundance 
at Kalabagh itself. 

The output at the ^time of Fleming’s visit (1852) is said to have 
been about 8,600 cwt. at Kalabagh, and 7,000 owt. at Kotki, where 
the works had recently been started ; but in Wynne’s time only one 
kiln was at work at Kotki, and no alum was being made at Kalabagh 
(B. 434). 

'Fhe average annual production for the five years 1909 to 1913 
amounted to 6,035 cwt. In 1914 it was 8,731 cwt., and in 1915, 7,026 
cwt. 

RAJPUTANA. 

Jaipur.— Khetri (28° 0' : 75° 51') and Singhana (28° 6' : 75° 54'). 
Considerable quantities of alum were formerly obtained as a bye-pro- 
duct in the manufacture of copper and iron sulphates from the decom- 
posed slate and refuse of the copper mines at these places. A full 
description of the process is given by Brooke (803—2, 525). The 
sulphates are leached out in rows of earthen jars and concentrated by 
boiling, when the copper sulphate crystallises out. The mother liquor 
is again boiled, a)id saltpetre is added, ahim then crystallising at the 
bottom of the vessel (B. 431). 

According to Hacket (730 — 4 , 247), alum was made by a similar 
process at the copper mines of Dariho (27° .10' : 76° 27') in the neigh- 
bouring (State of Alwar. 

No statistics of the production at either of these places are avail- 
able. 

UNITED PROVINCES. 

.AJmora.— Herbert (827— fi. 230) records the occurrence of alum as 
an efilorescence on pyritous slates in the bed of the Kosila R. (29° 33' : 
79° 40') near Alraora ; and in the same manner on pyritous shales near 
the village of Jakii (29° 26' : 79° 31'), on the road from Naini Tal to 
Khairna. Here, according to Atkinson (48, 36), it is found in abund- 
ance. It is collected and sold for medicinal purposes as salajit (see 
under NEPAL) (B. 431). 

ALUMINIUM see BAUXITE. 

ALUNOGEN, 

BALUCHISTAN. 

Kachhi.— Sanni (29° 9' : 67° 37'). An occurrence of aliinogen 
(sulphate of alumina) in an almost pure state, forming veins in 



ALXmOGEN-AMBBR. 


-sulphur, is recorded by Tipper (1787 — 5 ), at the sulphur mines of Sarini, 
on the Bhitari R. It has been used as a mordant. Both the sulphur 
and the alunogen have been deposited by sulphurous springs. 

AMBER. 

BURMA. 

Chindwin (Upper). — M ainghkwan (20° 18' 30" : 56° 32'). The only 
locality within the limits of the Indian Empire where amber is pro- 
duced on a commercial scale is situated in the Hukawng valley in 
Upper Burma, inhabited by kSingplio clans. The earliest accounts of 
the diggings were given by Hannay (1385, 274), who visited them iji 
1836, and Griffith ( 709 — 4 , 77), who travelled over the same ground 
in the following year. The mines are situated along the crest of a 
range of low hills extending in a southerly direction from near Main- 
ghkwan to the village of Jjalaung, a distance of 7 or 8 miles. The 
amber is found at depths varyijig from 20 to 40 feet below the 
surface, in a bed of blue clay, and is generally associated with bands 
of lignite. The pits are rectangular in section, of a size just .sulficient 
for a single man to work in them ; and as there are no surface indica- 
tions to guide the miners, are sunk in a haphazard manner, thickly 
clustered together wherever a lucky find has been made. When this 
occurs the adjoining pits are connected together below ground, and all 
the amber is taken out (B. 57). 

These accounts agree substantially with that givoi by Noetling 
fifty-six years later, in 1892 (1311 — s). He was unable, owing to the 
absence of fossils, to determine precisely the age of the blue clay in 
which the amber is found, but was of opinion that it probably belongs 
to the lower .Miocene. Further details arc contained in another paper, 
published by Noetling in the following year (1311 — 11). 

The Burmese amber is slightly harder and of higher specific gravity 
than Baltic amber. It varies in colour from a bright pale yellow to 
reddish and dull brown. The clouded variety does not occur. It is 
remarkable for a strong bliii.sh-grcen fluorescence, resembling in this 
respect the .Sicilian variety slmdile. Many of the pieces are traversed 
by cracks lined with calcspar, as was pointed out by Brewster in 1831 
(194 — 3 ), iSpeciinens obtained by Noetling have been examined by 
Helm (810 — 1 ; — 2 ; — 3 ), who found that the products of distillation 
included formic acid and pyrogallol in place of succinic acid. He there- 
fore gave the name of burmite to this variety of amber. On the other 
hand, Meyer (1214 — 2, 51) states, on the authority of Dr. Ostcr, that 
a specimen of Burmese amber, received from the Indian Museum, yielded 
2 per cent, of succinic acid, wliile Baltic amber contains from 3 to 8 p«T 
cent. In a later paper (1214 — 3 ) Meyer discusses the rjuestion whether 
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AMBER-~ANTIMONY. 


Burmese amber was exported to the West in ancient times, found- 
ing his conjectures on allusions to Indian amber by classical writers. 
He thinks that it is very probable that amber was among the coiu- 
modities known to have been brought by PhcDenician traders from the 
East. 

The output of the mines naturally varies greatly from year to year, 
since it depends to a great extent on pure chance, and on the vagaries 
of an indolent and semi-civilised people. The average annual produc- 
tion, which amounted to 104 cwt. in the five years 1904 to 1908, fell 
to 29 cwt. in the succeeding five years ; while the yearly production 
varied from 216 cwt. in J906 to 10 cwt. in 1913. The fluctuations in 
Value are equally great. Thus 126 cwt. produced in 1905 realised £945. 
while the 216 cwt. of 1906 was valued at only £709. In 1914 the pro- 
duction was 13 cwt., valued at £274, falling in 1915 to llj cwt. 
valued at £199. 

Fragments of amber are occasionally found i]i other parts of Burma, 
in beds of Miocene age : — 

Pakokku. — Grimes ( 712 , 54) says that while working in the Yenangyat 
oil field, two small pieces of amber were brought to him, said to have 
been obtained from the K\ jn Kyaung, a small stream about 3 miles 
to the N. of Seikkwa (2r 8' : OI"" 51') ; and in 1852 Piddington des- 
cribed ( 1405 — -48 ; — i3 4), under the name of hircine, specimens of a 
mineral resin said to have been fo^iind at a considerable depth in the 
Burmese petroleum wells. 

Sliwebo. — The discovery of small pieces of fossil resin in a bed of 
carbonaceous clay underlying a coal seam at Mantha (22"^ 54' ; 96"^ 1') 
is recorded by Noetling (1311 — n, 39). Tlie amber is very brittle, 
but resembles bimnite in appearance and specific gravity. 

ANTIMOIIY, 

AFGHANISTAN. 

Ghorbani) valley. Antimony is reported by Lord ( 1091 — 2, 535) 
to occur in black slates forming a hill at Kinchak (35"" 3' : 68' 51') 
in the Ghorband valley, and in limestone at Fuligird (Faragard, 

67' : 68^ 52') in the same district (B. 165). 

BALUCHISTAN. 

Jhalawaii.— S hekean or Kappar (27'' 53' : 66'' 28'). The lead ore 
formerly mined on an extensive scale at Shekran {see LEAD, BALUCHISTAN) 
contains an appreciable amount of antimony, according to Tipper 
^1787-^5). Le Messurier, in a brief account of the mines, published 
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ANTIMONY. 


in 1844 (1055—1), says that the ore occurs in crystals an inch square, 
with small quantities of lead ore of inferior quality ; but he probably 
refers to galena, for Tipper could find no visible ores of antimonv (B. 
164, 302). 

Qiietfa-nshin.—Ka ’Abdulla (30" 43' ; 60" 38'). Hutton (900-h, 
599) says that stibnite, accompanied by the wlTite oxide of antimony, 
valentinito, is said to occur in abundance among the hills to the north- 
ward of Kil ’Abdulla (B. 164). 

BIHAR AND ORISSA. 

llazarihagh.—Hr.sATU (23" 59' 30" ; B.-y' 4' 30"). Specimens of lead4" 
ore from the mines at Hisatu (see LEAD, Hazaribagh) yiehled, 
according to Piddington (1405 — 23, Ixv), 17 per cent, of sulphide of 
antimony, equivalent to 12‘2 per cent, of metallic antimony. 

BURMA. 

Ainhersl. — According to Heller (808 — i, 12) and O’Riley ( 1340 — ' 
733), sulphide of antimony appears to be generally distributed through 
the sandstones of the “ older formation ” of the district, and has been 
worked to some extent along the range which separates the Maulmein 
R. from the Ataran. O’Riley (1340 — 4 , 168) also says that he discovered 
several deposits of a rich ore of antimony near the head of the Zimme 
(Zami) R., the eastern branch of the Ataran. I’oley (695 — 4 , 272) 
speaks of antimojiy having been found in a vein of quartz at a place 
called Guangde (? Quanoadu, 16" 32' 30" : 97° 38', on the north bank 
of the Balween, opposite Maulmein) (B. 166). 

■ Further details arc given by Criper ( 389 ), who describes a quarry 
opened by O'Riley in search of the ore at Lekka Taung, about 23 iniles 
to the S. of Maulmein. The ore, he says, is in theiorm of stibnite, and 
occasionally cervantite, the yellow' oxide of antimony. It occurs in 
pockets in a whitish quartzose sandstone, filling dykes or fissures in 
the ordinary yellow sandstone of the range, each ore body quickly dying 
out on all sides, and leaving no trace by which the direction of others 
may be found. The richest ore is found in the centre of the deposit, 
and may contain 70 per cent, of metallic antimony. Tow'ards the 
edges the amount decreases to 2 or 3 per cent. only. Each deposit 
yelds only a few tons of ore. Prospecting operations were in progress 
at the time this account W'as written (1885), but apparently met with 
little success. 

Shan States (N). — In the year 1906 specimens of stibnite, largely 
coiiverted into cervantite, w'ere received at the Geological Survc" Office, 
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ANTIMONY, 


said to have come from a locality situated in Lat. 22^^ 28', Long. 90° 34', 
ill the State o£ Hsiim Hsai (Fernior, 577— ‘-O- 

Fragments of stihnite, apparently derived from vein.s in granite, 
liave also been found in the neighbonihood of Nam Hsan (22° 58' : 
97° 12'), the capital of the Tawng Feng State, but the mineral has not 
been detected in situ (La Touche, 1034 r— 4 r», SOO). 

Burney (237 — 2) atid Theobald (1763 — lo, 94) both mention the 
importation of antimony from the Shan States. 

Tavo.v. — I jow (1097—2, 148) states that antimony ore is said to 
occur in the district (probably in the continuation southwards of the 
Amherst ranges), but gives no particulars of the deposits. 


HYDERABAD. 

Kariiniiagar.— YExVOHapali (18' 37': 80- 23' 30"). Stihnite is 
said to have been found in a well-sinking, at a depth of 34 feet from the 
surface, at Yenchapali or Euchinpilli, in the Nizam's territory (B. 164). 

MADRAS. 

Bellary.— RAMANDmu: (15'^ 8': 76" 32'). (Tystals of sulphide of 
antimony are disseminated among the schists of the Sandur hills, near 
Fiamandrug (Kelsall, 975, 93), but particulars of its abundance are not 
stated (B. 164). 

Cuddapah — JANGAMRAjeiLij (14 ' 46': 78° 56' 32"). Antimony is 
said by Newljold (1294~-i:g 125) to be found in the Nalamalai hills 
near dangamrajpilli, the site of a well known lead mine. 

Vl/aga|mtain.— K odur, (bs 16': 83 ' 37'). Cannicliael (285, 155) 
mentions the occurrence of antimony at this place. Specimens of the 
ore, exhil)ited at the Madras exhibition of 1857, are said to have been 
of good quality (B. 164). It had already been shown by JJr. A. 
Scott (.'fee Balfour. 69-- 2, 238) that this substance, used as a cosmetic 
by the natives instead of siuina, or sulphide of antimony, is really 
manganese-ore. 

MYSORE. 

lliitaldroog.~CHiKKAx\NANAiiALLi (14° 24' : 76° 43 ). Cervantite, 
yielding 52*52 per cent, of antimonv, has been found by Sambasiva 
Iyer (1548-5, 116/ in a quartz reef on the southern spur of a hill lying 
to the E. of this piU'je. The extent of the reef has not been deter' 
mined. 
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ANTIMONY. 


Kadur.— Ores of antimony are said by (lark {321—2. 120) to be 
abundant in the Baba Buoan ran^u" of hills {llV" oiV ; 75' 15'), but the 
precise localities arc not stated (B. lO'l). 

NEPAL. 

A mineral said to have come from a locality not far from Katlumnidu 
(27'^ iV : 85^ 19') tor which the name nepaufiit^ was projiosed bv 
Piddingtou (1405- -.7), and sii|)})osed by him to contain bismuth, has 
been determined by Mallet (1159— 4 (>) as tet-ralK'drite, containing 
25'] 7 per cent, of ajitimony. The mineral is said to occur in 
con si (bun 1)1 e q ua n t i es 

NORTH-WEST I RONTIER PROVINCE. 

Kiirrairi. — Agba Abbas (15, bJ3) mentions the CAistenee of a 
mine of antimony in the Zaimukiit niLiiS, noi th of Thal (33 22' : 
70^ 35') in the Knrram valley. The ore is said to be of inferior 
qimlityj but it was expoited to Multan. 

PUNJAB. 

Jiieluin* — Antimony is mentioned by Poiirt (377, 474) as being 
mined at Kakan(;li hill (32'' 45': 73'" IV) in th'.‘ Salt Range; but 
the ore is i)robabIy galena, which is known to I)c fonnd there n 
small quantities {see LEAD, riiii.jub). It was sold in the bazaars as 
staim , — the name usually applied to the powden'd sulphide of anti- 
mouy used by Maliomedans for blackening tlie eyebrows ; and no 
donl)t the mistake is to bo atbribnted to this eircumstance. 

Kaiigra. — Sinoui (32 17' : 77" 40'). In his account of Kulu, pub- 
lished in 1873, t’alvert (265 — 2, 00) claims the discovery of a thick 
lode of stibnite (4ose to the margin of the Shigri glacier in Laliaul ; 
blit the existence of a]dimonv at this locality was knowj) some 20 
yeai's previously, for some [)r()specting worlc had been carried out by 
Hay (792, 544) b(d'(U’e tlie year 1854, and the (liscf)vcry was alluded 
to by l^lath (1410) in I85(i. 

In an account of Hay’s operations, furnished by an anonymous 
contributor to the Madras kpedaior, March 19, 1857 (ncc 35—2), 
it is stated on the authority of Marcadieu, wfio visited liie place in 
1855, that six lodes or beds of ore arc visible, and that s|)ecimcn8 
assayed by Alacjiamaia yielded GO per cent, of jnetallic antimony. 
As there was no great commercial demand for the metal, Hay pro- 
posed that it should be used for making cannon balls, a suggestion 
that does not appear to have met with the approval of Government. 

13 n 2 



ANTIMONY-ARSENIC, 


Mallet visited the mine in 1864, but says that he did not see the 
ore in situ (1169 — i, 165). He found loose blocks of ore, which 
showed that the vein could not be less than 18 ins. wide. Calvert 
states that the bed discovered by himself was from 10 to 20 ft. 
thick, and that subsequent exploration showed that the width rose 
in places to 40 ft. Ilenwood (824 — 3, 6), who reported on the 
occurrence in 1886, i^ays that the lode is at least 20 ft. wide, and 
that it consists of practically solid ore. 

The lodes or beds occur in gneiss, and the ore consists of stibnite, 
superficially altered into cervantite and kermesite, with traces of 
copper, arsenic, zinc blende, and iron (B. 165). 

The locality is difficult of access, lying at an altitude of 13,500 ft., 
beyond the Hainta pass (14,500 ft.), and three days' inarch from the 
nearest village in Kulu ; while work is possible only during three 
months in the year. Notwithstanding these obstacles, mining opera- 
tions were undertaken in 1905 by Col. Renwick, who succeeded in 
shipping about 15 tons of ore to England (862, 233). The experi- 
ment, however, does not appear to have been profitable, for no 
mention of output is made in subsequent returns. 

APATITE under GEM-STONES and PHOSPHATES- LIME. 

AQUAMARINE GEM-STONES-BERYL. 

ARSENIC. 

In the Agrimliuml Ledger for 1902 (1903—3), Sir G. Watt gives 
a general account of the commercial uses of arsenic and of its occur- 
rence in India. Very Uttle is produced in the country, the bulk of 
the supply coming in the form of orpiment from China through 
Burma. The average quantity imported annually in this manner, 
during the five years 1909 to 1913, was 7,150 cwt. 

BENGAL. 

Darjeeling,— Samptiiar hill (26'' 58'' : 88'^ 3V). Mallet (1159— 
31 , 57) describes an outcrop of arsenical pyrites on the northern 
flank of Sampthar hill, about half a mile W. 20'' S. from the 
highest summit, at an altitude of about 4,000 ft. The seam is 
about a foot thick, of which perhaps two-thirds is ore. It contains 
a considerable proportion of mundic, with a little copper pyrites. 

BIHAR AND ORISSA. 

Hazaribagli.— Dabur (24'' 36' : 85° 58') and Dhab (24° 35' : 85° 50'), 
Lumps of leucopyrite, an arsenide of iron, weighing several pounds, 
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ARSENIC -ASBESTOS. 


are occasionally foimd in the niica-beari?ig pegmatites near f)abur, 
on the Sukri R., and again about a mile S. S. W. of Dhab (Holland, 

■ 859—37, 51). 

KASHMIR. 

Padar. — Barali (33° 22': 7(1° 17'). ,A small outcrop of arseuo- 
pyrite was found near the village of Harali in the Bhutna valley, at 
a height of about 3,000 ft. above the river (‘La Touche, 1031 — M, 
08). 

JVORTH-WEST FRONTIER PROVINCE. 

C'ililral. — Orpiment was formerly imported in considerable quan- 
tities from Chitral, but of late years the supply has grcatlv fallen off 
(861, 215). J)iuij)g I90r)‘0(>. the latest year for which returns are 
available, the imports fioin tliis source amounted to .10 tons. No- 
thing is knowji regarding its mode of occiiri'ence. 

UNITRD PROVINCKS. 

iHinora. — Traill (1797 — 4, 17) states that yellow arsejiic is found 
at two or three places on the Dmarma and Juvv.ar or Niti Ojlvis 
( passes), but in small (piantities only. 

Manstarx {[]{f 6' : 80'^ 19'). Orpiment is collected in small quan- 
tities near Mansiari, and is brought down, for sale to the Bagesar 
fair, according to Lawdor (1040 — i, 88) and Atkijison (48, 31). 
The piecise locality at which it occurs is not known (B. 1G2). 

8u A:\KALrA GLACIMR (SO"" 20': 80" 22'). hotter and Brown (373— 
1?) record the discovery of fragments of orpiment, with a little 
realgar, on the moraine of the Sliajikalpa glacier, about a mile above 
the icc cave. The mineral was not found in sifn. 

ASBESTOS. 


AFOUANISTAN. 

According io Badcn-Powell (60 — b Vol. I, 46), asbestos is ])ro- 
cuiabie in consideiuble quantilies among the hills above tiie 
Kjiost valley (33" 20' : 70"' O'). Jt occurs in flat veins or beds, ajid 
is said to be used locally for twisting into ropes. 

BIHAR AND ORISSA. 

Maynrbiiauj. — Green actinolite, imbedded in opal, and ])assing 
along the borders into fibrous asbestos, was found by Bose (173 — 20, 
172) in quartz veins traversing de('omposed epidioritic rocks near 
Eangom bill, on the road leading from lir/rm Amba (22^ 24' 30" ; 
86^ 15') to Dublabeba (22" 24' 30": 86" 25'). 
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ASBESTOS. 


♦ 

Moughyr. — Shervvill (1624 — 2 , 197) uiention^ the occurrence of 
thin veiiiB of asbestos in slates on the Goria Koh Guat (25° 5 ' : 
86'' 27'), in the Kharakpur hills. In the same paper (p. 204) he 
says that massive asbestos is reported to be found near the summit 
of PiRPAHARi HILL (25° 23' : 86° 34'), 3 miles to the E. of Monghyr. 

BOMBAY. 

Idar.-DEV Moiu (23° 39': 73° 28'). Hayden (793— 2 fh 73) 
recoicls the discovery by Middlemiss of a deposit of asbestos, 
ap]>ai’ent]y of excellent quality, in the liills 8. E. of Dev Mori. 
When steeped in water and dried, the mineral comes out in long 
silky masses of lieautifully white hbre, some fibres being as much 
as 8 ins. in length. 

BURMA. 

Sagaiiig. — Among some specimens of minerals sent from Ava by 
Burney, and examined by Prinsep (1436— lo), was one of fine silky 
white amianthus, said to l)e found in a crevice in. siliceous dolomite 
near Tsagain (Sagaing, 21° 53' : 96° 2'). 

CENTRAL INDIA AOENCY. 

.fohat.—Specimens of asbestos from the Jobat 8tate sent to the 
Imperial Institute, and examined by Diinstan (514 — i)),’were report- 
ed to be friable and of short staple, also of inferior colour. It is 
remarked tliat the sale of the mineral would not pay the cost of 
freight. 

CENTRAL PROVINCES. 

Bhaiulara. — An output of 18 tons of crude asl)estos from a 
deposit at Tumkheka Kiiuro (21° 25' : 80° 17') is recorded in the 
Qui'}((p(en)ri((l Review of Mineral Rrodueiions (861, 217) as having 
been obtained in 1908. 

MADRAS. 

Coimbatore. — In the Coimbatore Maiiual (1302, 24) Nicholson 
states that asl.)estos (? chrysotile, the fibrous variety of serpentine) 
had recently been found near Peranjourai (11° 17' : 77° 39'). 

Salem. — According to Balfour (69 — 8), asbestos is found abun- 
dantly in the Salem district, but it is probable that much of the 
mineral so-called is in reality chrysotile, which is known to occur 
with serpentine (B. 519). 

MYSORE. 

Bangalore- — A viluallj: (1.2° 57' : 77° 36' 30"). Veins of fine 
white asbestos, traversing a tremolite rock apparently forming a 
lenticular mass enclosed in granite, were found by Sambasiva Iyer 
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ASBESTOS. 


(1548—8) ill a shallow pit near Avilballi, 2 miles to the W. ofrBaii- 
galore Fort. 


Cliitaidroog — Gangigere (13^ 4i' : TG’’ 26'). Fine silky asbestos 
was found by Sambasiva Iyer (1548 — r), 115) in cuttings close to 
the tank at Gangigcre in the Hovsdiirga taluk. The exposure is 
small, and its value has not been ascertained. ^ 

Ifassaii. — Kabugr (12^ 41' : 7(1^ 21'). yVsbestos of fairly good 
quality occnirs in veins traversing actinolite schists here. A con- 
siderable amount has been taken out, l)ut opeiations have ceased 
(Venkataraniaiya, 1838 — -). According to fsani[)at Iyengar (1549 — 
1>. 86), the asbestos has been formed by the percolation of metooru! 
waters along fissures and joints in tremolite s(‘hists. The same 
locality, apparently, is alluded to by Sambasiva Iyer (1548 — ut) as 
half a mile to the N. of 1 dkgonievnaualli (12" 30": 76' 21'), 

on th(i Ilole-Narsipur road. He remarks that tlie mineral occurs at 
the junction of dunite with gneiss, and that it is white, and soft in 
texture. An output of 412 cwt. from this district is recorded in 
1906 (861, 217). 

Hadur.— MuiJE(on^E (13" 8' : 75" 42'). Sambasiva Iyer (1548— 
10) mentions several localities in the neighbourhood where asbestos 
is to be fomid. The most ])romising deposit occurs near Mudasosi 
(13" 9' : 75" 45' 30"). 

Jlys<)re.---AlAxVDVA (12" 32': 76" 57'). hoarse red<lish asbes- 
tos is found, according to Primrose (1431—8. 215), at about 2 or 3 
miles 8. W. of Mandya. and i.s sold in the bazaais as a medieiiie. 

Nacamanoala (12'-’ 49': 76'^ 49'). Wetlierell (1915 — i, 101) says 
that small patche.s of asbestos occur in sclii.sts near this place, hut 
not in paying quantities. Veins of coarse asbestos were also found 
by Primrose (1431 — I, 22) traversing talcose rocks near Kuoanpur 

CO- 

NORTH-WEST lltONTIER PROVINCE. 

Wazirislan.— Masson (1189—1. Vol. I, lib) .states that he has 
procured specimens of asbestos from Kamguram (32'^ 31'; 09' 51') 
in the Waziri country, but gives no further particulars. 

UNITED PROVINCES. 

Kiiniann. — In a brief notice of asbestos in Kiimaon, Stephens 
(1694 — '^) says that it is found in veins, sometimes 6 ins. in width, 
in hornblendic rocks near Badiiangakh (30" 1': 79^ 35'). Also that 
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ASBESTOS-BARYTES. 


an impure serpentine near Pithagora (29° 35' : 80° 16'), when 
traversed by jade, contains innumerable veins of asbestos, rarely 
more than | in. wide. 

JosHiMATH (30° 33' : 79° 38'b Stephens (1694 — 3) mentions 
the occurrence of veins of asbestos, sometimes 4 Or 5 ins. in width, 
traversing serpentinous rocks in this neighbourhood. 

Ukhimatit (30° 31/ ; 79° 9'). A dLseovery of a.sbestos, considered 
to be of good quality, is recorded by Atkinson ( 48 , 34) in a hill 
■dtuated a little to the N. of Ukhimath. It is said to be used by the 
villagers as a dressing for wounds, and as a wick for oil lamps. 

BARYTES. 

BALUCHISTAN. 

Las Bela.— Concretions of barytes, associated with pyrites, are 
widely distributed through the Belcmnite Shales of the Kalat and 
Las Bela States, especially on the SARAiowLr R., between Chad 
and Anjira, and on the lower scarps of the Pab range, near Pabni 
i H.AiiKt (25° 17' : 66° 58'). The latter locality is the more favour- 
ably .situated, as it is only about two days' journey from Karachi. 
No estimate of the quantity available is pos.sible (Tipper, 1787 — •‘>). 

BUR.MA. 

Slian States (IM.).— Bawdwin (23° 7' : 97° 20' 30"). Large quan- 
tities of barytes occur iti association with silver-lead ores at the 
Bawdwin mines in Tawng-Peng State. The mineral was not seen 
in dhi, but fragments up to a foot in diameter were fouml plenti- 
fully scattered over a wide area, evidently derived from the outcrop 
of a large vein ?(La Touche and Brown, 1035, 242, 255). 

CENTRAL INDIA AGENCY. 

Bewail. — Bharra (24° 23' ; 82° 19'). In the “ Red Shale ” series 
of the Son valley, a formation of prc-Vindhyan age, veins of barytes 
from aji inch to a foot iii thickness were found by Vredenburg (13S5, 
131) near the village of Bharra, on the Mohan R. 

Mallet (1159 — 3, 122) mentions the occurrence of thin strings of 
barytes in lower RcAvah beds near So££A(a Ghat (24° 59' ; 81° 40'), 
and at Gin'GA hill, about 40 miles to the S. W. of Allahabad. The 
deposits are of no commercial value (B. 473). 

CENTRAL PROVINCES. 

.Iiibbulpore.—SLEEMANABAU (23° 38' 30" : 80° 19'). Barytes is 
said to be associated with the lead and copper ores occurring in an 
outcrop of Bijawar quartzite, about 2 miles to the N. of the railway, 
station at Sleemanabad (B. 473). 
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BARYTES. 


In describing an occurrence of fluorite iji the metalliferous veins 
of Sleemanabad, Fermor (577 — 5) mentions barytes as one of the 
accessory minerals. It appears to exist in considerable quantities, 
but a consignment sent to ( alcutta about the year 1904 was reported 
to be of poor quality (862, 237). 


MApRAS. 

KuriiooL— OAZiTiArALLi (15'' 24': 78"' 40). Newbold (1294 — 34; 
— 40, 390) states that the galena formerly )nined in the Nallamalai 
hills, 6 miles to the K. of Gazulapalli or Easwapur, occurs in a 
matrix of barytes, which is found in large masses and nodules, but 
does not foion a true lode. Much (4 the debris of the old mines 
consists of this mineral, according to (Jopalakristnamah (.'hetty 
(675, 96), who also mentions (p. 99) that it is found at Jala- 
:duhgam ( 15 ^ 17 ': 77 "' 57 ) and Cuandhapalu ( 15 ' . 13 '; 77 "" 53 '). 
and at several localities in the Krramalai hills (B. 473). 

Xellore. — Narravada (14'' 54': 79'' 29 ). An outcrop of barytes 
situated on two low hills about 3 miles to the K. of the village is 
described by Jones (953). It occurs in irregular veins, usually 
following the strike of the rock, in mica schists, and in minute 
grains scattered through the schist for some distance on either side 
of the veins. 


Salem.— -iLAXCtAVAM (12' 37^: 78' 49). [loJland has described 
in detail (859— a pecnliar and im])orta)it occurrence of l>arytes 
in the neighbourhood of Alangayam, The jocks fornnng two low 
hills, lying about a mile 8. of the village, consist largely o[ a network 
of veins conij)osed entirely of (juartz and barytes, ti'aversiiig por- 
})liyritic gneiss, Similar veins are found penetrating tlie crystalline 
rocks in the neighbourliood, ajul have been traced for a distance 
of 7 niile.s. The veiiis vary jji thiekiiess froni mere stri])gs to dyke- 
hke ]nasses several feet across. They are considered to he iiitni- 
sions of an igneou.s rock containing lairytes as one of its original 
cojistituents. 

From the determination of the specific gi-avity of a large iiumber 
of spocinums, it rvas found that the average pro])ortion of baiytes 
pjesent in the rock amounts to 30*8 j)er cent. 


PUNJAB. 

Simla.— -SuBATHU (30" oS' : 77" 3'). Earytes is said to occur at 
the lead mines described by Kelly (974) and Hem.vood (824—-, 171) 
in this neighbourhood (B. 174). 
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BARYTES-BAUXITE. 


' RAJPUTANA. 

Ajmer. — Tabagarh (20"^ 27' : 74"^ 41'). Barytes is said to be 
associated with the lead ores formerly mined at this locality (Irvine, 
910—1, IGG; B. 474). 

BASALT under BUILDING MATERIALS. 

BAUXITE. 

The existence of alumina in large ])i;oportions in certain laterites 
of the Central Provinces was first brought to notice by Mallet in 
the course of a desci’iption of the iron ores, etc., of tlie Jubbulpore 
district, published in 18811 ( 1159 — 3 (>, 113 ) ; but it was not until 
after the appearance in 1898 of a ])aper by Max Bauer (88 — 7) on 
the laterites of the Seychelles and their relation to bauxite, the 
principal ore of the metal aluminum, that attention was seriously 
directed to the possibility of finding a similar eoimection in India. 
The crexlit of the divseovery that many of the Indian laterites are in 
reality bauxites is duo to If. and F. J. V\'arth. who published ana- 
lyses in 1903 (1893) showing that they might bo divided into four 
categories: — (1) a rock consistijig of almost pure gibbsite ; (2) 
woclieinites containing gibbsite iit\d dias])ore in the proportion of 
about 3 to 1, with titanium oxide: (3) high level laterites or baux- 
ites, in whieli the proportion of iron oxide varies with the nature of 
the rocks on which they rest; aiid (1) low levator dotrital laterites. 
It should also be mentioned that Hx)lland had, a short time previ- 
ously (869— ri), anticipated that the laterites of India and the 
8eyclielles would 1)0 found to agree in this I’esi^eet. 

Investigations were ])romptly set on foot hy the (teological Survey 
for the purpose of ascei'taining the distribut ion and value of the more 
highly aluminous laterites. ami in 1907) the results were j)ublished 
by Holland (859 — ‘>-9, with lists of analyses of samples from a 
number of localities, from whicli the following table is abstracted : — 
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BAUXITE. 


BOMBAY. 


MAIIVKLESinVAR. 

(i7"5(i' : ir i:r) 


Turkk.sak. 
( 21" 22' : 7:1" 7') 


CENTRAL PROVINCES. 
ICalagbat 
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BAUXITE. 


fii Ills Presidential Address to the Mining and Geological Institute 
of India, delivered in 1907 ( 859 —^ 4 , 31), Holland discusses the 
prospects of utilising the Indian deposits of bauxite. Though he 
considers that it would be premature to establish power Avorks in 
the country for the reduction of aluminium, he thinks that the pre- 
paration of the pure calcined oxide for exportation to Europe or 
America might be c^arried on at a profit. Accounts of the processes 
employed in the extraction of the alumina have been given by 
Dunstan (614 — 19 ), and by Blake and Crook ( 141 ), 


BOMBAY. 

— • — Vasna (21° 39': 73° lO'). Samples of lateritc 

(Rajpipla) j ^ ^ ^ 

fro)n tins locality have yielded 37-51 per cejit. of alumina, and 
the existence of higher grade varieties is considered possible (Bose, 
178 — 184). 

CENTRAL INDIA AGENCY. 

Rcwali. -AMAiiKAN'rAK (22° 40' : 81° 50'). In the talus derived 
from tlie lateritc capping of the Amarkantak plateau, hku'mor 
observed many blocks of bauxite, often jiisolitic and apparently of 
the best (|uality. Bauxite of variable quality was also noticed in 
the laterite of the plateau itself, which extends into the Mandla 
and Ihlaspur districts, Central Provinces (sec Middlemiss, 1219 — 
31 , 111). 

Toiik.— Numerous segregated, rounded masses of riclLly aluminous 
laterite were found- by Setlni Rama Ran near KoNKAKOAnn and 
IsARWAS (24° 8' : 77° 26'), aud again ]iear Jvotra and A(;ra (23° 
56' 30" : 77° 28') in the Sirojij pargajia, imbedded in brocciated and 
pellcty laterite (.s’cc Holland, 859 — 57). 


CENTRAL PROVINCES. 

Ralagliak — Burton has reported that tlie laterite, capping outliers 
of Deccan trap forming the hill niasses of Kotiii Pat (21° 54' : 80° 
27') and Tipagarti (22° 2' : 80° 33'), frequently consists of bauxite 
of good (juality. 'The laterite readies a thickness of over 100 feet. 

In a report on six samples of laterite frotn this district, Blake and 
(rook ( 141 ) state that they contain frojn 52'14 to 58*83 per cejit. 
of alumina, and that after calcination the yield would be increased 
to between 71 and 80*8 per cent. 



BAUXITE— BISMUTH. 


JuMmIpore.— Mallet (1159 — 36, 113' mentions a pisolitic vanety 
of laterite, containing a large proportion of alumina, as occiUTing 
abundantly among the hills S. of Murwara (23^^ 50' : 80"^ 27'). Ho 
suggests that it might be used if required as a flux in smelting the 
hematite ores of the district. 

Seoni. — Bauxite of good quality has been fou^^d by Vinayak Rao 
on the scarp at Amagarh (22”^ 0' ; 79^^ 40'), and blocks of the mineral 
.were traced for several miles to the south. A representative sample 
contained 54-78 per cent, of alumijia. Near Atarwani (2B' 52' : 79" 
44') Burton found a small hill containing a deposit of bauxite, 
estimated to be 20 ft. in thickness, lying between bods of ferruginous 
laterite (see Middlemiss, 1219 — 3b 111). 

The amount of bauxite produced in the ('entral Provinces, 
chiefly by the Katni Cement and Industrial ('o. at Katni, was 514 
tons in 1914, and 870 tons in 1915. 

BERYL 5 CC under GEM-STONES. 

BERYLLIUM RARE MINERALS- GADOLINITE. 

BISMUTH. 

Bismuth is not known to occur in commercially valuable quan- 
tities in any part of India, but traces of ir have been detected at 
a few localities. 

BIHAR AND ORISSA. 

Siuglibliiim. — Ball (71 — 9, 97) mentions that small quantities of 
bismuth were found in some of the ores from the Singhbhum copper 
belt. 

BURMA. 

Aiulierst. — O'Riley (1340 — 3, 737) states that sulphide of bismuth 
is said to be found with the ores of antimony occurring in the sand- 
stone ranges between the Ataran and Moulmein rivers. 

NEPAL vnder ANTIMONY. 

PUNJAB. 

(^laifd^l* — Calvert (265 — 2, 11) records the discovery of a small 

lode of manganese ore with bismuth at TjfrRRf (SiRHi, 31*^ 50' ; 
77"^ 14'), on the borders of Kulu (B. 103). 
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BORAX. 


BORAX. 

BOMBAY. 

. Kathiawar, — ^In tlie course of a tour thi'ougli tlie cotton districts 
of the Bombay Presidency, in the year 1787, Dr. Hove was informed, 
when in the neighbourhood of JjIMRi (Limudi, 22'^ 34' : 71° 52'), that 
borax was extracted from tlie soil at some place four days’ journey 
distant, and that Tt was exported to Botnbay for the use of tlie 
Mint ( 873 , 129). Xo more recent information, is ayailable I'cgarding 
this source of siqiply (B. 498). 

KASHMIR. 

Kupsliii. — PooA (33° 14' : 78° 25'). Borax is deposited by the 
water of a number of hot springs in the Puga valley, and ha« been 
collected and exported to India for many years. Marcadieu, who 
was deputed about ’ the year 1854 to examine the deposits on behalf 
of some pottery owners in England, says (1168 — 2) that the borax 
occurs in layers 2 or 3 inches in tliickness, associated with an efflin'o- 
scence of common salt and sulphur. The deposits have been described 
by (5inningham (399 — 2, 112; — 5, 235) as extending for about 2 
miles along the banks of the Knlang Chu, tlie rivxn.’ draining the 
valley. They have also been described by H. v. Sclilagintwoit 
( 1578 — 18 ) in the coarse of a general account of the occurrences of 
borax in Tibet. 

In 1854 Marcadieu estimated the annual production at 12,000 
niaunds (wliether local or Indian inaunds is not stated) ; but ten 
years later Stoliezka (1712—*’'), 131) was informed by an oificial of 
the Kashmir Government that tlie output never exceeded 4,000 
luaunds (probably about 000 t*wt., B. 498). For the five years 1908 
to 1913 the average production was 414 cwt. annnally. 

RAJPUTANA. 

Jaipur. — Samples of salt from the Sambuar lake (20° 55' : 
75° 15') contain, accoiding to a rough determination by AVarth 
( 1892 - 17 , 215), an appreciable proportion of borax, amounting to 
about I per cent, of tlie dry residue of the brine. He calculates 
that the waste liquor from the salt works would yield about 500 
tons of borax per annum. On the other hand, Holland ( 859 — 3 , 
251) states that he failed to detect any trace of boracic acid in the 
Jake brine. 

TIBET, 

Towards the end of the 18th century, three communications were 
made to the Royal Society on the subject of the borax or tincal 
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deposits of Tibet. The first of these, written iii 178() by Bfene 
(146), gives an account derived from Tibetan traders at Ifiiitauli in 
Oudh, of a lake of hot water surrounded by snowy luountnins, 
situated in the kingdom of Jumlai'e, some )>() days’ journey to the 
north. During the winter, — since snow was said to be indispensable 
to the mamifactur(‘,— sliallow res(‘rvoiis dug in the saline ea.Tlh 
^cei*e filled witli tlie hot water, from which the borax was d(']K>sited 
on evaporation. Another account, by da Rovatn (419), an Dalian 
priest resident in Nepal, jdaces the borax fields i)i the province of 
Maiuie, '28 days’ ::'jouniey north of .Ne))al, and 25 west of Lhasa. 
Lastly Saunders (1559—1. fifi) mentions a lake 20 miles in circum- 
ference, lying 15 days’ journey to the northward of Tashi Liiunpo 
(Sjjioatse, 29'" .18'; 88'' 55') in Central Tibet. Here the borax was 
said to be found in large masses in the shallower portions of the 
lake, And to (exist in inexhaustible (juantities. The d(‘eper p()rtions 
of the lake produced salt. 

Ngarl Kliorsiiui. — In 18J8 Strachey (1716 — l, 518) gave an 
account of the borax fields of Ngari Khorsum or Hundes, vsituated 
tp the iioi’th of tlie Bonojuva Tal. b(yyond the mountains borderiiig 
the N. E. side of the Shajjan R. Here the l)orax, as well as common 
salt, is obtained by lixiviating the soil on the borders of desiccattd 
lakes. In an abstract of this account by Atkinson (48, 55), a d(^s- 
cri|>tio.n is given of the proeaxss of refining the crude borax brouglit 
down by tlie Tibetans to Ramnagar in tlie Naini Tal district. The 
borax is steeped in water in shallow pans, and lime is added in the 
pro])o]'tion of 2 lb. to about 800 lb, of borax. Aft(‘r b(nng stirrial 
at ijdervals of fi hours the mixture is turned out next day to drain 
on sieves or cloth, and is then dissolved in tinnxs its weight of 
boiling water, with a fnrtlier addition of about Ifi lb. of lime, ddie 
solution is then liltcned, and on (waporation is allowed to crystal- 
lise in funnebshaped brass vessels (B, '199). 

One of the pundits, wlnxsii journey was described by Montgomerie 
in 1870 (1243 - 7 , 55), has givini further jiarticulars of the borax 
fi(dds. On his route from Ruook (55^ 25' : 79'^ 40') to the gold 
fields of Thok Jaltjno (52" 8': HT" 55'), lie passed large deposits of 
borax at Koksum and the Ohak (lialca lakes, and he reports the 
existence of many fields between Thok Jalung and Lake^anasaro- 
war. Anyone, he says, was allowed to collect borax on payment of 
a fee of 8d. for 10 goat or sheep loads (about 2 cwt.) to the Tibetan 
authorities. 

Statistics of the imports and sale of borax in the early years 
of the last century are given by Milburn (1224, Vol. 11, 207) and 
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T^Aill (1797 — 4 , 41). They appear to have reachec^ a maximum of 
about k),0()0 mauuds (14,000 cwt.) in 1818, but then declined to 
5,000 or 6,000 cwt. According to Watt (1903 — 4 , 132), the imports 
from all sources increased from 15,273 cwt. in 1897-98 to 31,085 

cwt. in 1901-02. For the five years 1908 to 1913 the average im- 

ports were 20,471 cwt. annually. 

UNITED PROVINCES. 

Warth (1892 — 18) reports that he havS detected the presence of 
borax in samples of '' reh '' salt from the neighbourhood of AligzVR^ 
(27° 53' : 78° 8'). The dry extract is said to have yielded Ovl per 

cent, of crystallised borax. 

BUILDING MATERIALS. 

For a general account of the distribution and use of building and 
ornamental stone in India, reference may be made to a summary 

of the information available in 1874 drawn up by Ball (71 — 18), and 

to the chapters on tliis subject by the same author in the Manual 

of the Geology of India, Fart III (71 — 45 , Chaps. XI and XV). 

Also to an article by Uanvers in Spon\s Iniormation for Colonial 

Engin.eers ( 417 - 2 ). An abstract of a report by Messeut on the 
granites of India has been published iu The Quarry ( 1212 ). 

BRICK clay. — Clays suitable for the manufacture of bricks are 
found in all parts of India and Burma, especially in the neighbour- 
hood of the large rivers ; but no reliable estimate of the quantity 
used annually for tins purpose is possible, since such returns as are 
avuHlable do not discriminate between clays used for brick making 
and for the coarser kinds of pottery ; nor do they include the com- 
plete output of the United Provinces or of Bihar and Orissa, where 
the consumption of bricks for building purposes must reach very 
large proportions. For the rest of India, excluding Burma, the 
average annual production, during the five years 1909 to 1913, is 
returned as 143,389 tons. 

More complete statistics are submitted by the province of Burma, 
where the average annual output of common bride and pottery 
clays, for the five years 1909 to 1913, was 579,913 tons. 

The following articles, dealing with the manufacture of bricks in 
India, afe published in the Rurki series of Professional Papers on 
Indian Engineering : — 

1865, Anon. ( 35 — 13 ). Brick-making in India. ' 

1865. Medley ( 1196 ). Brickwork in India. 

1867, Brown ( 209 ). Brick-making near Roorkee. 
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1872. Tovey (1792). On burning bricks with Oopla (dried 
cowdung). 

1874. Falconnet (564). On brick and tile mamifacturt at 
Allahabad. 

1878. Smart (1650). On brick making in Bimnah. 

KANKAR.—A concretionary, nodular form of carbonate of lime, 
known as kanhar or gutin, is generally distributed throughout the plains 
of India, especially in the older alluvium of the (Janges and other 
large rivers. At times it becomes aggregated into solid beds, which 
have occasionally been used as building stojie ; but more commonly 
it has supplied, when burnt, the mortar and cement recpiired for 
building purposes. 

Owing to the manner in which the nodules are segregated, the 
kanhar is generally found to contain a proportion of argillaceous 
matter sufficient to endow the lime witli liydraulic properties, and 
experiments with regard to these have been eariied out at various 
times. The following is a list of papers dealing with this subject : — 

1831. Saunders (1562). On cements made from ( 1 ) kankar 
from the Salt Lakes near ( ahujtta ; ( 2 ) kankar from; 
Burdwan ; (3) Sylhet limestone. 

1849. Dickens (484—1). On the liydraulic jiroperties of 
cement made from kankar containing 40-05 per cent. 
CaC 03 and 34 per cent. Si 02 and AL O 3 . 

1870. Brownlow (217). Report on the possibility of making 
cement in the United Provinces. 

1870. Pahner (1360). On artificial stone made with kankar 
lime. The best results were obtained by compressing 
kankar nodules and lime in wooden moulds, using a 
moderate amount of water. 

1872. Thomson (1774 ~l). Directions for making analyses 
of kankar and mortar. 

1873. Twcmlow (1821). By slaldng kankar lime with a 5 
per cent, solution of sulphuric acid, a selenitic mortar 
was produced having double the strength of ordinary 
mortar, and nearly half that of Portland cement. 

1873. Nieliy (1305—2). Directions for the manufacture of 
cement from kankar, with a table of analyses. 

1875. King (985). Results of experiments in making bri- 
quettes from kankar lime. 

1877. Nieliy, Higham, and Brownlow (1306). Report on 
kankar lime and cements used at the Bari Doab Canal 
works. 
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1877. Nielly (1305 — 3). On the correct proportion of water 
to be used with kankar cement. 

1878. Dejoux (468 — 5 ). Notes on the preparation of mor- 
tars, cements, and concrete, with an explanation of the 
processes involved in their setting. 

1902. Watt (1903 — 4 , 137). A summary of information re- 
garding the principal sources of lime in India, and its 
industrial uses. 


AFGHANISTAN. 

Portions of a broad belt of crystalline limestone which runs along 
the crest of the Siah Koh are worked for statuary marble (Griesbach 
708 — 21, 71). The small quantity of marble that has been used for 
ornamental purposes in Kabul is said to have been brought from 
Maidan (34° 22' : 68° 52') to the west of the city (Hayden, 793 — 20, 
345 ; —22, 21). 

ANDAMAN ISLANDS. 

Mallet in 1884 (1159 — 42 , 85) called attention to the existence 
of limestone in large quantities at South Corbyn, near Port Blair 
(IP 41' : 92° 43'). Analysis showed that it was equal in purity to 
the limestone of Katni. A pink variety of this limestone has since 
■been used to a limited extent for decorative purposes at Port Blair 
'(Tipper, 1787 — 9. 213) ; but its value as a building stone is reduced 
;by the numerous veins of calcite which traverse the rock. The 
(lime used in the settlement is obtained from coral reefs (B. 470). 

Some of the sandstones in the South Andaman have been used 
for building, but are soft and easily weathered (Tipper, 1. c.). 

Ball (71 — 11, 237) suggests that the serpentines which are largely 
■developed in the neighbourhood of Port Blair, especially near 
Homfray’s Ghat, might be used for ornamental purposes. 

ASSAM. 

Hbasi and Jaintia Hills. — For nearly a century the lime used for 
building purposes in Calcutta, and those parts of Lower Bengal 
■where kankar is not available, was mainly derived from quarries in 
a band of munmulitic limestone exposed along the .southern face 
of the Khasi and Jaintia hills. A full account of the distribution of 
the limestone, and of the manufacture of the lime, has been given 
by Dr. Oldham (1386 — 8, 134, 180). The stone is not burnt on the 
spot, but is brought down in boats during the rainy season to villages 
along the Surma R. in Sylhet, where it is burnt, when the river has 
fallen, in primitive kilns excavated in the high banks, reeds obtained 
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irom the numerous jhik or swamps of that district being used as 
fuel (B. 469). 

The amount of stone quarried is stated by Dr. Oldham in 1854 
to have been 60,000 tons annually, on an average of ten years, and 
the output of hme about 56,000 tons. For the five years 1909 to 
1913 the average yearly production of limestone was 96,402 tons. 
The output in 1914 was 108,431 tons, and 103,736 tons in 1915. 

The grey Cretaceous sandstones which constitute the plateau of 
Chkrra Punji (25° 17' : 91° 47') would furnish an excellent building 
stone, according to Watson (1902— i, 30). 

Lakhinipur. — The lime used in Upper and Middle Assam has 
been mainly suppUed from boulders and pebbles collected in the 
beds of the Himalayan torrents (Medlicott, 1197 — 9, 412). A list 
of localities in which limestone occurs is given by Hannay (760 — 5 
341), who says that a variety from the foot hills between the Dihang 
R. and Brahraakhund would be suitable for ornamental purposes. 

Naga Hills . — Slates of good quality are to be found In the Disang 
series in the valleys of the Tuzu and Tepe rivers, and are used in 
some of the villages for roofing purposes and for whetstones (Pascoe, 
1869—12, 263). 

Sibsagar. — A band of shelly limestone, probably of lower Siwahk 
age, and 2 ft. 6 ins. thick, occurs near the hot springs on the Nambor 
R. (26° 24' : 93° 56'), and has been quarried to some extent for lime- 
burning and for road-metal (Bigge, 125 — 2, 133 ; Smith, 1667 — 2, 
87, 92). A. similar band crosses the Doigrung, a stream about 4 
miles W. of the Nambor, and is here from 5 to 6 ft. thick. It 
contains about 73 per cent. <’aC 03 (La Touche, 1034—5, 32). 

Thick beds of nodular, earthy limestoiie, of nuinmulitic age, are 
e.xp03ed at the falls on the Jamuna R. (26° 0' : 93° 25'), and have 
been traced along the eastern flank's of the Mikir hills to the village 
of Pangso (26° 18' : 93° 50'), where they appear to die out (Smith, 
1657 — 2, 81). They are well seen in the valley of the Haria Jan 
(26° 4' : 93° 49') where they attain a thickness of 300 ft., and in 
that of the Deopani R. (26° 12' : 93° 53'). 

BALUCHISTAN. 

Limestones of various ages, from Jurassic to Miocene, are widely 
distributed throughout Baluchistan (Vredenburg, 1864 — 36, 191), and 
would furnish inexhaustible supphes of excellent building stone and 
<of lime ; but the demand for these materials is slight, except in the 
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neighbourhood of the Sind-Pishin railway. Cretaceous limestone is 
used for building purposes at Quetta (Blanford, 148 — 73 , 232). 

BENGAL 

Baukiira. — Quartzitea were at one time quarried at Susunia hill 
(23° 24' : 87° 2' .30") on a somewhat extensive scale (Ball, 71 — 46 , 
110). Large quantities have been used in Calcutta for paving, and 
as copings and curb stones (B. 548). This is the stone reported on 
by Piddington (1405 — 72 ) as of excellent quality, and comparing 
favourably as regards the absorption of moisture with Chunar stone, 

Burdwan. — Many of the sandstones of the Damuda series in the 
Kaiiiganj coal field would furnish good building material, especially 
the hard bands in the llaniganj group, the calcareous sandstones 
in the lower portion of the Talchir group, and some of the beds 
near the top of the lower Damudas (Blanford, 148 — 7 , 195). Coarse 
grained sandstones have been quarried at Barakar (23° 45' ; 86° 
52') for exportation to Calcutta (Ball, 71 — 46 , 110), but were found 
to be incapable of withstanding great pressure (B. 546). 

Darjeeling. — The building materials available in the Darjeeling 
district have been fully dealt with by Mallet (1159 — 6, 83 — 90). 
Oneiss, which is readily split into blocks of convenient size, is used 
for rubble masonry. Lime in inexhaustible quantities might be 
obtained from the dolomites of the Baxa series, but the actual 
supply is entirely derived from beds of calcareous tufa. A list of 
the localities at which these are known to occur' is given at p. 88. 

Some of the harder sandstones of the Tertiary beds would furnish 
good freestone, but they would re(piire careful selection. 

Coarse slates arc obtainable from the Baling series, but arc of 
small size and too brittle to be easily trimmed (B. 467, 555). 

BIHAR AND ORISSA. 

Cuttack. — Laterite is largely used in this district as a building 
stone, for which purpose it is well adapted on account of the ease 
with which blocks of any size required may be cut and shaped 
when the rook is freahly quarried, and its property of hardening 
when exposed to the air (Righy, 1485 ; Blanford, 148—3 ; — 36 , 
59). According to Righy, it is procurable over a line extending for 
about 60 miles in length in a S. W. direction from Cuttack. The 
superficial layers only, to a depth of 2 or 3 ft., are suitable for build- 
ing ; beyond this depth the rock becomes too soft for use (B. 660). 
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Lime is manufactured either from shells collected on the sea 
coast, or from kankar, which is mainly obtained from the Debnadi, 
to the S. of Cuttack, and other rivers in the delta of the Mahauadi 
(Rigby, 1486 ), 

Sandstones from the Rajmahal group, occurring at Killah Mootree 
on the Mahanadi, about 10 miles above the town, are used for 
cornices and screen work ia Cuttack (Righy, l.c.). * 

(ilangpur. — Limestones in tlie Cuddapah series are being worked 
by the Bisra Stone Lime Co. at Bxsr.a. (22‘^ 15' ; 85° 4') and Rourkela 
{ 22° 13' ; 84° 57'). The average annual output for the five years 
1909 to 1913 was 36,496 tons ( 862 , 245). 

Hazaribagh. — Sandstones from the Talchir group in the Bokaro 
coal field have been used for building and as paving stones at Ilazari- 
bagh (Hughes, 888 — 2, 108). They require careful selection, as 
they are apt to contain silt galls. 

Halahandi. — A short distance K. of Kasipur (19° 21' : 83° 11'), 
the sillimanite schists are traversed by narrow veins of a very fine 
grained cryptocrystalline aluminous rock, locally known as hi 
pcUhar, reddish or brownish in colour and soft enough to be cut 
and carved into small ornaments (Walker, 1872—3, 21). 

Nanbiiiim. — Mallet has described in detail (1159—11) two occur- 
rences of limestone near the western end of the Raniganj coal field. 
At Baghmara (23° 39' ; 86° 48') N. W. of Panchet hill, two bands 
of liihestone are exposed in the lower part of the Raniganj group. 
The upper band contains too much arenaceous matter to be used 
for making lime, but the lower band, 12 ft. thick, was found to 
yield on analysis 68'40 per cent. CaCO^ and 14'41 per cent. MgC 03 . 
It had been quarried for use as a flux at the Barakar iron works. 

At Han.sapathar (23° 38' : 86° 43'), 6 miles further to the W., 
the limestone is crystalline and intorstratified with gneiss. It is 
from 70 to over 100 ft. in thickness, and has been traced along 
the strike for a, distance of at least two miles. On analysis it gave 
83-43 per cent. CaCOa (B. 371, 458). 

Slates of inferior quality are procurable from the sub-meta- 
morphic rocks (Dharwars) in the southern portion of the district 
(Ball, 71 — 46 , 112). The cleavage is not sufficiently developed to 
have obliterated the lamination of the rock, and the slates are 
therefore apt to break into rhomboidal fragments (B. 552). 
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Monghyr.— Buchanan-Hamilton in 1831 gave an account of the 
locks of the Kharakpur hills, and mentions the quarrjung of horn- 
blendfc schist at Laheta, 15 miles to the S. of Monghyr, and other 
localities, both for building and for making quern stones (222 — 19 , 
35). He also noticed the existence of slates in these hills (p. 37), 

In his annual ^report for 1848-49 (1117 — 33, 26), McClelland 
drew attention to the excellent quality of the slates of the Kharakpur 
hills, and suggested a site midway between Gormaha (25° 6' : 86° 
23') and Bhxm Bhand (25° 3' 30* : 86“ 27') as the best for a quarry. 
The slates had already been worked on an extensive scale (Sherwill, 
1624-2, 196). 

The rock is a slightly metamorphosed phyllite, probably of 
Dharwarian age, and dips at an angle of about 70 degrees, so that 
it is conveniently situated for quarrying. The cleavage is not 
sufficiently developed to give the finest varieties of roofing slate ; 
but fine slabs arc procurable and are used for flooring, ceilings, 
etc. (862, 286 ; B. 552). 

The average annual output from the quarries now being worked 
by Messrs. C. T. Ambler & Co., near Jamalpur (25° 19' : 86° 33') 
was 1,677 tons for the five years 1909 to 1913. In 1915 the output 
was 2,800 tons. 


Palamau. — Bands of crystalline limestone of considerable thick- 
ness are exposed between the villages of Olherpat (Oieypat, 23° 
50' ; 84° 48') and Deredao, on the eastern edge of the Auranga 
coal field (Ball, 71 — 32 , 32). The rock is of great purity, yielding 
9r9 per cent. CaCOs. A less pure limestone, with only 60 8 per 
cent. CaCOs, occurs in great abundance in the Maila R., half a 
mile E. of Sathbarwa (23° 55' 30" : 84° 19'). Some of the Olherpat 
rock is perfectly white, and could be used as statuary marble (B^ 
459). 

Sanibalpur. — Laterite is commonly used for building at Sambalpur, 
being preferred to other materials on account of its durabiUty and 
the facility with which it is wrought (Voysey, 1863 — 7 , 861). 

Limestone bands occur at four distinct horizons in the lower 
Vindhyan rocks exposed on the banks of the Mahanadi in the neigh- 
bourhood of Padampur (21° 45' : 83° 38'). Limestone also occurs 
at Kujerma (22° 0' : 84° 9' 30*) to the north, and at Bolangir 
( 20° 43' ; 83° 33') to the south of Sambalpur in metamorphic rocks 
(Ball, 71—28, 178, 182, 183 ; B. 460). 
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Santa! Parganas,— Ball (71 — 26, 236) has enumerated the buikling 
materials to be found in the Rajmahal hills, and the localities most 
favourably situated for working them. Basalt is widely distributed, 
and has been used for building temples, forts, etc., not only in the 
hills themselves, but at places situated at a distance in the plains. 
Large quantities are also sent to Calcutta for use as road-metal. 

Lime is manufactured from beds of calcareous tufa and from 
kankar . The chief deposits of the former occur at Mohwagarhi 
HILL (24" 29' : 87" 27') ; in a valley S. of Rajabhita (24" 41' : 87" 
29') ; and between the villages of Gongti and Simurtola, to the 
E. of Bindrabttn (2f)" 1' : 87*^ 46'). Tanner (1744) has also reported 
upon a deposit of considerable size at a place calle<l Asuuni (?), 
where it was known to the natives under the fanciful name of 
Asurhar, or '' Giants’ Bones.’’ 

Sandstones in considerable variety are obtainable in the northern 
and southern portions of the hills, from the Damuda series. Some 
of the intertrappean beds would also supply useful flagstones, and 
have been used for bridge building near Burio (25" 2' : 87" 39') 
in the centre of the hills. 

Shaliabad. — A group of thin-bedded limestones, occurring in the 
Vindhyan series at the base of the Kaimur scarp, has been exten- 
sively quarried for lime near Rohtasgarh (24" 38' : 83" 58') on 
the banks of the Son R. (Sherwill, 1625— *5, 281). A series of papers 
by Dejoux (453, i — 4) describes the results of experiments cm cement 
made from lime and clay obtained from the quarries situated at 
Margohi, 10 miles from Dehri-on-Son. The product is said to have 
been erpial to Portland cement. 

The Vindhyan sandstones forming the table-land of the Kaimur 
range in the southern portion of the district have been extensively 
quarried for building purposes (Martin, 1181, Vol. I, 510 ; Sherwill^ 
1625 — 5, 280). The stone is a compact whitish freestone, strong and 
durable, and has been largely used on the Son irrigation worka 
(B. 544). 


Singhbtiuni. — Slates of an inferior quality are of common occur 
xence among the sub-inetamorpliic rocks, and polished are 

occasionally used as writing slates. Some varieties are ouite equal 
in texture to those from the Kharakpur hills in Monghyr (Ball, 
71 — 46 . 127), 

BOMBAY. 

The basalts and intercalated tuflf beds of the Deccan trap series 
are so widely distributed throughout the Bombay Presidency that it 
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ia not neceasary to refer in detail to all the localities where they are 
to be obtained, or have been made use of for building purposes. 
The composition of the different flows of trap varies greatly, and 
as Blanford has pointed out (148 — 22, 379), some caution is neces- 
sary in selecting those which are most suitable for building. Beds 
containing strings of zeolites, for instance, are soft, brittle, and 

liable to decompose. The ash beds are not equal in strength, 
toughness, or durability to the solid basalts ; and no rocks of a red 

colour should be used, as they are almost always decomposed. The 

best varieties arc the porphyritic basalts, such as those which form 
a large proportion of the rocks on the Thal Ghat (B. 538). 

Bell ( 99 — 1 ) has written a memorandum on the selection and 

use of the Deccan basalts, with critical remarks on the native methods 
of dressing the storife. His paper also includes (p. 169) a statement 
showing the relative absorption of different varieties of basalt as 
compared with bricks. 

Cowasjee ( 379 ) has given the results of a series of tests of the 
comparative strength of Kurla trap and other building stones used 
in Bombay. 

Baroda. — The following building stones and localities are men- 
tioned by Foote (596 — 40 , 115 — 132) : 

ViRPUE (23° 45' : 72° 51'). Pale pink and greyish pink granite, 
very tough and durable ; moderately coarse ; takes a very high 
polish. 

Bhulvan (22° 12' 30" ; 73° 39'), on the Orsang R. Pale pink 
and green granite ; when unweathered should take a high polish. 

Bhadrali (22° 13' 30": 73° 41'). Black and white gneiss ; a very 
handsome stone. 

Tandalja (22° 13' : 73° 48'). Pale red felsitic rock. 

MoxrPURA (I mile N. E. of Bhulvan) "J Green, pink, and white 

Harikua (1 mile S. W. of Bhulvan) / mottled limestone, occur- 
ring as bands in gneiss. Makes a very beautiful marble. Pale 
brown and cream coloured varieties also occur. 

Sandara (22° 4' : 73° 39'), on the Heran R. Hard compact 
limestones of various colours ; a first class building stone. When 
brecciated makes a very handsome marble. 

Achau (22° 19' : 73° 41') ) 

Lacharas hilx. (22° 7' : 73° 40') [• Flaggy quartzite. 

Sihadra (22° 7' ; 73° 49') ) 

Sandia (Kundia, 22° 6' ; 73° 44'). Siliceous breccia ; an ex- 
tremely hard and dense rock, of red and white colours. Suitable 
or slabs and pillars. 
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SoNOiR (22° 6' : 73° 41'). Sandstones of considerable variety as 
to colour and character of grain. An excellent freestone. Has been 
quarried on an extensive scale, but without method. 

The existence of slates of promising quality among the Champaner 
beds near Surajpur (22° 25' 30" : 73° 40' 30") is mentioned by 
Blanford (148—22, 379). 

See also Kathiawar below. 

Bcigauni.— A band of granitoid gneiss to the S. of Belgaum, 
between Ganibail (15° 41': 74° 34' 30") and Kiian.\pur (15° 38': 
74° 34'), would furnish building .stone of excellent quality, according 
to Foote (698-12, 257). 

Bijapiir. — In a memoir on the geology of the 8. Mahratta country 
(596 — 12), Foote mentions the following localities in this district 
where building stone is procurable : — 

Bi.tapur (16° 50 : 75° 47'). Basalt has been e.xtensivcly used for 
old buildings in the town (p. 266). Newbold (1294 — 24, 946) 
xeraarks that the stone is very uneven in quality. 

Biloi (16° 21' ; 75° 41'). A red and green variety of porphyritic 
granitoid gneiss occurs here (p. 257). Hard quartzite from the over- 
lying Kaladgi scries has also been quarried (p. 261). 

Kaladgi (16° 12' : 75° 34'). A great variety of limestones, 
banded in pink, green, purple, and grey to black colours, occurs 
in the immexliate neighboiirhood of the town (p. 116). These belong 
to the lower Kaladgi scries. 

Uguni (16° 34' : 76° 32'). "I Pale drab and cream coloured 

Channur (16° 29' ; 76° 37'). > limestones belonging to the 

Mati.eshwar (16° 28' : 76° 24'). ) Bhima scries are quarried at 
these places, and are much esteemed, es])ecially the cream coloured 
variety (p. 154). 

Aiiioli (Twulee, 16° 1' : 7.5° 57'). Fine cream coloured and 
redebsh yellow brown sandstones have been extensively quarried for 
ancient building.s, and are of e.xcellent quality (p. 260), 

Gudur (1.5° 56': 75° -58' .30") 5. Thick bedded .sandstones oc- 

Parvati (16° 2' : 75° 51') J curring at these places are well 
worth attention (p. 262). Newbold (1294 — 24, 948) also mentions 
that a bed of sandstone underlying trap at Alkopur (16° 28' : 76° 
6') is much used for building. 

Haligeri (16° 0' ; 75° 32'). Fine flagstones are procurable here, 
and have been extensively quarried (p. 262). 

The schists of the Dharwar scries are much used for rough 
purposes. The town of Hunugund (16° 4' : 76° 8') is entirely built 
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of poor hematite schist from Hunugund hill (p. 258). Newbold- 
(1294 — 23, 935) says that long slabs of hornblende schist obtained 
from ravines on the banks of the Kistna E. near Dhanur (16° 
IT: 76° 9') are used for building. 

The existence of slates among the rocks of the Kaladgi series 
has been noticed by several writers. Jervis in 1832 (944—1) stated 
that the finest description of roofing slate was procurable at Lokapur 
(16° 10' : 75° 26'). His opinion was afterwards corroborated by 
Newbold (1294 — 20, 18; — 4i, 274), who mentions the occurrence 
of good slates at Sillikeki (16° 9' ; 75° 35') near Kaladgi ; and by 
Rigby (1484 — 1), who says that fine slates are quarried in the 
neighbourhood of Talikota (16° 28' : 76° 22'), and that the town 
is entirely built of this stone. On the other hand, Foote (696 — 12, 
262) describes the slates of Sillikeri as being merely hard, thia 
shales, and says that they were found not to answer well as roofing, 
slate. 

Cutcli. — The building stones of this district have been described 
by Wynne (1976—11, 91-94). 

The limestones of the lower Jurassic group furnish good black 
and grey, or orange stone. The former is procurable in the hill 
ranges along the coast N. of Ehuj (23° 15' : 69° 44') ; and the latter 
occurs in quantity at Raimalru hill near Kaora (23° 50' : 69° 45'),. 
in Patcham I. 

A red or yellow, thin bedded, calcareous rock occurring in the 
same group in Patcham I., largely composed of broken shells, is 
susceptible of a goed polish, and is known as Dokawana marble. 

Sub-recent concrete, or coarse soft calcareous sandstone, closely 
resembling the “ Porbandar stone ” of Kathiawar, is largely quarried 
on the ghat descending from the Char war range S. W. of Bhuj and 
elsewhere. The stone has a fine white colour, and hardens on 
exposure to the air. 

Sandstones are plentiful and are extensively used. The best 
vaiieties are furnished by the lower Jurassic group. Those from 
the upper Tertiary beds are soft, and when they contain salt are 
liable to rapid decay. 

Dharwar. — Foote (696— ii, 134) mentions the occurrence at 
Dhoni (15° 17' 30" ; 75° 47') of grey and greenish grey crystalline 
limestone, in beds of considerable thickness, which would yield a 
building stone of great beauty and excellence. 

Chloritic schists have been used for building the famous temples, 
at Gadag (15° 26' : 75° 42'), and are susceptible of being most 
elaborately and delicately carved (Foote, 696 — 12, 258). 
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Mar.— The sandstone quarries of Ahmednagar (23° 36': 73°*!') 
yield an excellent freestone. Marble and granite may also be 
obtained in any quantity (Hayden, 793—26,83). 

Kathiawar. — The following building stones are mentioned by 
Fedden ( 569 — 6 , 134-136) :— 

A finely colitic and highly organic, porous limestone, known as 
“ miliolite," or more commonly as “ Porbaiidar stone,’’ from the 
name of the port whence it is shipped to Bombay and other places, 
is extensively quarried along the we.stern base of the Barda hills, 
especially in the neighbourhood of Kanpur (21° 50'; 69° 45'). 
The stone is of a fine white or buff colour, very obliquely laminated, 
and is easily worked. The refuse chips and rubble arc burnt for 
hme, which is said to be of excellent quality. 

A full account of the. mode of occurrence and character of the 
rock has been given by Evans (555—7, 561). 

Artificial stone made from powdered Porbandar stone and sand 
from dunes on the coast of (’utch is described by Pye-Smith ( 1444 ) 
as having given good results. 

White mottled hard marble, consisting of a mixture of arago- 
nite and calcite, occurs at the villages of Khirasra (21° 57' : 70° 
22') and Sajriala (21° 56' : 70° 37'), forming an irregular vein 
not more than 30 ins. in width in trap rocks, 'fho stone is capable 
of a high polish, but is found only in limited quantities. 

Light coloured kaolinic sandstones of upper Jurassic age occur in 
the neighbourhood of Dhranoadra (23° 0' : 71° 32'), wlicre tliere 
are extensive quarries. The stone is much esteemed for building 
purposes, and has occasionally been exported beyond the limits of 
the district. 

A bed of sandstone of remarkably fine texture is quarried at 
Baoli (22° 56' : 71° 27' 30"), and is used as a whetstoac or for 
ornamental purposes, also for making cups, pipe bowls, etc. 

(Baroda). Foote (596 — 40 , 172-180) mentions the following build- 
ing stones as occurring in the portions of Kathiawar which belong 
to the Baroda State : — 

Basalt is quarried on a large scale at Amreli (21° 36' : 71° 16') 
and Gaouka (21° 32' 30" : 71° 13'). 

A dyke of porphyritic diorite near Rupavatf (21° 11': 71° 8') 
would yield a very handsome stone. It is of a blackish colour, with 
felspathic grains of a warm green tint. 

Dykes of light coloured acidic trap occur at Damnagar (21° 
42' ; 71° 35'), Sakhpur (21° 33' : 71° 34' 30"), and Dhalkania (21° 
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14'* 30*: 70° 69'). The stone is suitable for high class buildings, 
but has only been quarried at Damnagar. 

A calcite vein occurring near Pipalwa (21° T 30" : 71° 15') 
would yield a handsome marble of mottled white and grey colour. 

“ Miliolite ” of equal quality with that of the Barda hills occurs 
in inexhaustible quantities in the neighbourhood of Kodinar (20° 47' 
30* : 70° 46'). 

A brown flaggy limestone occurring at Shedaya (20° 63' : 70° 
51') is said to be worthy of attention. 

The brccciated limestone found at and to the S. of Rajpura 
Bandar (22° 24' : 69° 9') is a strong fine grained grey stone of 
pleasing appearance. 

A dense shelly limestone occurring near Bardia (22° 12'; 69° 
5') would form a marble suitable for decorative purposes. It is of 
a pinkish yellow colour. 

(Navanagar). — Adye has recently given (11, 132, 150, 232) an 
exhaustive account of the mode of occurrence and origin of the 
“ miliolite ” limestones of the Navanagar State, together with notes 
on the distribution and economic value of the stone. 

The following building stones are also described by Adye : — 

Pelsites and granophyres (p. 186). These occur in great abun- 
dance in the Barda (21° 50' : 69° 50') and Alech (21° 50' : 70° O') 
hills. The stone is fine grained and tough, of whitish and greyish 
colours when fresh, and is excellently suited for ordinary building 
or for ornamental purposes. 

Habardiiite (p. 203). A hard conglomerate composed of pebbles 
of laterite cemented by calcite, taking a good polish. It occurs in 
beds 4 to 6 ft. in thickness at Habardi hill (22° 13' 30" : 69° 26'). 

Palagonite (p. 100). Bands of a dense black or green structureless 
stone, susceptible of a high polish, and occurring in blocks from 4 
to 6 ins. in thickness, were observed on the rising ground about a 
mile to W. of Raningpdr (22° 14' 30* : 71° 8' 30"). 

Piudaralite (p. 176). A finely-textured fossiliferous limestone, 
occurring in the Gaj group at Pindara (22° 15' : 69° 19'). The stone 
is of a yellow or orange brown colour, becoming red when sun- 
baked, and is suitable for architectural work of every description. 
At Pindara and other places in the neighbourhood it forms a bed 
about 2 ft. in thickness. 

Ramwaralite (p. 183). A dolomitized variety of Pindaralite, 
occurring as a bed 2 to 3 ft. in thickness in the Ramwara stream, 
2| miles to E. N. E. of the village of Gurgat (22° 12' ; 69° 15'). 
The stone is soft when quarried, but rapidly hardens on exposure. 
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1 mentions the following 

building stones as worthy of attention : — 

Marbles varying in colour from black to greenish and white 
occur in the Bagh beds, in layers from 2 or 3 ins. to as many feet 
in thickness. The black varieties take a good pohsh. They are 
exposed at the following localities : — 

A mile S. E. of Gora (21° 52' : 73° 45'). 

ZuLTA Amda and Vanji (21° 54' : 73° 52'). 

Mokhadi (21° 49' : 73° 48'). 

Todakiiail stream (21° 47' : 73° 52'). The.se arc the most 
extensive deposits. 

<Iuartzitic sandstones well suited for building purposes are found 
in all the outcrops of the Bagh beds. They have been (juarried at 
Sakva (21° 51' : 73° 40' 30"). Ma-ssive sandstones belonging to 
this group exposed along the Deva R. would fnrnisli excellent 
material, according to Blanford (148 — 22, 380). 

The best stone for ordinary purposes (Bose, l.c., 187) is a traeliytlc 
rock intrusive in the Deccan trap. It is a greyish white, moderately 
hard, massive rock, and takes a fairly good polish. Outcrops of the 
stone occur in Karia hill (21° 41' ; 73° 20'), 7 miles from the railway 
at Rajpardi, and in Bardaria hill near Uhdi (21° 40' ; 73° 23' 
30"). 

Bedded tuffs in the Deccan trap series have been used for building 
temples at Rajpipla (21° 47' ; 73° 37'). They also occur to 
the B. of Samaria and Mota Amba (21° 51' : 73° 40"). 

Sind. — Limestones for building purposes are procured from the 
Ranikot, Khirthar, and Gaj beds, all of which also furnish excellent 
lime. The best variety of limestone is perhaps that foimd at 
Jhirak (25° 3' : 68° 19'). It is a light yellowish brown, fine grained 
rock, derived from the Ranikot beds. At Karachi a whitish, rather 
porous limestone from the Gaj beds, resembling the ‘ Calcairo 
grossier ’ of Paris, is extensively used (Blanford, 148 — 63, 194). 

Merewether (1206 — 2) and Price (1429) have described the results 
of experiments in preparing cement and concrete from hydraulic 
lime made locally, and sand or clay brought from the bed of the 
Lyari R., during the construction of the Karachi Harbour works. 
The use of salt water was found to add to the strength of the cement, 
but it was inferior to Portland cement. 

Barns (79 — 3) has also given examples of the excellence of 
hydraulic cement made with lime from the Khirthar beds at Sukkur 
(27° 42' : 68° 56') and surki, or powdered bricks. 
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‘ Saodstooes of good quality might be obtained from the lower 
beds of the Nari group. Those from the Manchar beds (upper 
Tertiary) are usually too soft for the purpose (Blanford, 14^63, 
194). 

Surat. — Nummulitic limestone occurs in great quantities around 
Tajrkeshwar (21° 22' : 73° 7'), to the N. E. of Surat (Blanford, 
148 — 22, 379). A list of the building materials obtainable in the 
district is given in the Bombay Gazetteer, Vol. II, p. 38. 

Thana. — The varieties of basalt which have been found most 
suitable for building purposes in Bombay are mentioned by Carter 
(288-8, 208). 

A considerable proportion of the lime used in Bombay is derived, 
according to Buist (228—17, 16), from deposits of shelly sand- 
stone or littoral concrete found on Vesava Island (19° 9' : 
72° 52'). The results of a series of tests carried out in order 
to detennine the strength of mortars and concretes made in 
Bombay have been given by Chadwick (299). 

BURMA. 

Amherst. — Limestoues occur abundantly in the neighbourhood of 
Madlmein (16° 30' : 97° 40'), and would furnish unlimited supplies 
of building stone and lime (Low, 1097—2, 156). Some of these 
rocks are capable of taking a high polish, but the numerous veins 
of calcite wlxich traverse the stone render it brittle when cut into 
flooring slabs (O’Riley, 1340 — 3, 743). 

Bassein.— A band of limestone 30 to 40 ft. thick occurs near the 
Bassein R. to the S. of Thamandewa (16° 23' : 94° 42'), and has 
been traced for a distance of at least two miles. The quahty is 
said to be good, and the locality is easily accessible by water. Large 
deposits of limestone also occur at Banmi (17° 19' : 94° 41'), on 
the western coast of Arakan. The rock is a very pure carbonate 
of lime, containing 96-4 per cent. CaC 03 (Theobald, 1763—16, 344 
345 ; B. 470). 

A soft calcareous sandy rock, resembling in some respects 
the “ Porbandar stone ” of Kathiawar, occurring in abundance on 
Korangyi I. (16° 31' : 94° 17') and the adjoining mainland, is 
highly reconmiended by Theobald (1763—16, 340) for trial as a 
building stone. The deposits exist in a position very favourable 
for working, as the stone could be loaded into vessels under the 
lee of the island. 
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Hyaukpyu. — Limestone occurs at several localities along the eastern 
-side of Ramki I. (Mallet, 1169—14, 221). The most important 
deposit was found to the N. of Yanthek (19° 8' : 93° 56'), where it 
is continuous over an area of many acres, close to a tidal creek. 
The stone contains 94’4 per cent. CaC 03 (B. 470). 

Mandalay. — A chocolate coloured limestone ^f Ordovician age 
has been quarried near Zebingyi (21° 53' : 96° 21'), on the ascent to 
the §han plateau, and sent to Rangoon for use in the building of 
the Government Hospital. Large quantities of lime are manufac- 
tured at Tonbo (21° 53' : 96° 15') near the foot of the hills, and at 
Zebingyi, from limestones of Carboniferous and Silurian age (La 
Touche, 1034—45, 375). 

The Sagyin hills (22° 17' : 96° 7'), 20 miles N. of Mandalay, 
are to a great extent composed of a beautiful white marble, much 
esteemed by the Burmese, and used to a certain extent for orna- 
mental screen work, but mainly for carving images of the Buddha, 
many of them of colossal size. The stone is brought down the 
Irrawaddy in boats to Sagaing, where it is worked into shape. Full 
details of the process of quarrying, dressing, and polishing the 
marble have been given by Oldham (1326 — 17 , 326). 

Marble of a similar kind, often banded with grey, occurs in 
unlimited quantities at Kyaukse (21° 37' : 96° 11'), to the S. of 
Mandalay. Enormously thick bands of the same crystalline lime- 
stone extend across the Ruby Mines district, from Tuabeikkyin 
(22° 53' : 96° 1') on the Irrawaddy to and beyond Mogok (22° 55' : 
96° 33'). Here, however, the texture of the stone is usually much 
•inferior to that of the Sagyin marble (La 'rouche, 1034 — 45 , 376). 

Shan States (N.). — 'The dolomitic limestones whicli cover a very 
large portion of the Shan plateau are almost invariably in so 
thoroughly crushed a condition that they are useless for building 
purposes, and are only fit for supplying road-metal for local needs. 
A highly fossiliferous band of middle Devonian age, occurring at 
Padaukpin (22° 6' : 96° 39' 30"), near Wetwin railway station, 
would yield a very handsome marble, being capable of a high polish. 
The limestones of Permo-Carboniferous age, overlying the dolomites, 
also take a good polish, but the known exposures of these rocks 
lie at a considerable distance from the railway, and are not likely 
to be in demand. 

Some of the harder bands among the sandstones of Jurassic age, 
(Namyau series), which are strongly developed in the eastern portion 
of the Shan plateau, would yield excellent building stone ; but so 
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far there has only been a limited local demand for this purpose in 
connection with the railway. Sandstones quarried near Hsipaw 
(22° 37' : 97° 20' 30") have been used for the piers of a bridge over 
, the Nam Tu at that place, and were found to answer well (La 
Touche, 1034—45, 375). 

Thaton. — Since the year 1907 there has been a large output of 
granitoid gneiss from quarries situated at the base of the scarp of 
the Shan hills E. of the Sittaung R. {see La Touche, 1034 — 39, 100). 
The stone has been extensively used by the Burma Railway^ Co. 
and on the Town Lands Reclamation Works in Rangoon, about 
300,000 tons having been raised annually. 

Quarries were opened in 1909 on Kalagauk I. in order to supply 
similar stone for the Rangoon River Training scheme, 'rhe output 
reached a total of 295,125 tons in 1912, but on the completion of 
the scheme in 1914 the quarries were closed (862, 243). 

Thayctmyo. — Limestone is of common occurrence along the east- 
ern base of the Arakan Yoma, but the most accessible locality is 
near Thayetmyo (19° 19' : 95° 14'), where a band of nummulitic 
limestone, forming a hill to the S. of the town has been extensively 
qu'arrietl for lime burning (Theobald, 1763-— 10, 344). Ranking 
(1458, 58) says that the lime makes excellent cement, but is not 
hydraulic. 

Toiingoo. — Sandstone quarries near Tounooo (18° 55' : 96° 28') 
were examined and reported on by Cotter (see La Touche, 1034 — 39, 
101) in 1909. The stone is of two qualities : — (1) Yellow calcare- 
ous sandstone from 200 to 300 ft. thick, exposed for about a mile ; 
soft when freshly cut, but hardens on exposure. (2) Purple and 
pink sandstone of medium grain, harder than the yellow stone ; 
occurring in layers averaging about 6 ins. in thickness. 

CENTRAL INDIA AGENCY. 

Both limestone.9 and sandstones of excellent quality for building 
purposes are procurable in any desired quantity from the several 
members of the "Vindhyan System, which occupies an area very 
nearly coinciding with that included in the political boundaries of 
the Agency, except in the south and west, where it is concealed 
to a great extent beneath a covering of Deccan trap. The general 
distribution of the Vindhyan rocks has been described by Mallet 
(1169—3), and their development in special areas by the following 
writers : — 

Bundelkhand : Medlicott (1197—2). 

42 



nmmm BiAmuu.s. 


Panna state : Vrcdenburg (1854—17). 

Rewah, Son Valley : Oldham, Datta, and Vredenburg (1325). 

The be.st varieties of sandstone are furnished by the Kaimur 
group, the lowest member of the upper Vindhyaus. They are 
usually fine grained, of white and pale buff or reddi.sh colours, and 
occur both in massive beds free from joints and fissures, and in 
flaggy layers w'hich may be used as flooring slal*. The stone from 
the overlying Eewah and lower Rhander groups is usually more 
harsh and gritty in texture, and of a darker red colour ; but some 
of the finest building stone in India is quarried locally from the 
upper Bhander stage (Mallet, 1159 — 3. Mfi). 

Owalior. — Cunningham (399 — 4) has given the results of ex- 
periments in testing the strength of beams cut from Vindhyan 
.sandstones oeeuiTing iii the neighbourhood of (Iwalior. 

The existence of 8late.s of (air quality in the Bijawar series near 
Bagh (22'’’ 2i' .lO' : 74" 51'), in the Amjhcra division of Gwalior 
State, has been noticed by Blanford ( 148 — 22 , 379) and Bose ( 173 — 5 , 
11). These slates have since been favourably reported on by Jones 
(see Hayden, 793 — 2(), 81). 

liidurc. — Bose (173 — 5, 70-72) mentioms the chiei building stones 
procurable in the neighbourhood of the Narbada K. The finest 
variety is a coralline limestone of upper Cretaceous age, which 
furnishes a Ijandsoine marble, caj)able of a high polish. It wa.s 
formerly quarried at Bow.ari.a and Kukrwan (22" 19' : 76° 15'), 
and at CnutAKiiAX (22° 22' 30" ; 7,5° 1 C), and employed in the con- 
struction of tejnple.s and palaces at Mamlhata and Mandu. An 
outcrop also occurs to tlie W. of Barwai (22° J.5' : 70° O'), but 
bere the rock is rather coarse and thin-bedded, and has not been 
worketl to any extent. 

Sandstones oi excellent quality jiiay be obtained from ex- 
posure.s of Gondwana rocks. ()uari'iea have been worked at Ghatia 
and Bupabart near Barwai, .and on an exten.sive scale near 
Katkbt (22 10'). 'I he stone is durable, and .soft enough 

to be carved with facility. 

Rewah.— Large quantities of limestone arc raised at .Sutna (24° 
34': 80° .53' 30") by the Sutna Lime and Stone Co. The average 
annual output for the five years 1909 to 1913 was Limestone , 
34,218 tons: Unslaked lime, 18,09.5 tons: slaked lime 1,818 tons: 
^one sets, 56,283 pieces. Much of the limestone is sent to the 
Barakar Iron Works for use as flux. 
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Hughes (888 — 29, 220) mentions the following sources of lime- 
atone in the neighbourhood of the Umaria coal field 




1 Average composition. 

‘ 


j CaCOa 

1 

MgCOg 

Ftu, O3 

Ala O3 

In- 

soluble. 

I5obri( 2;!MO'; Sr- IH)') 

Lamofa limosfc . 

1 86-50 

5*00 

0*50 

5-90 

JiiAPi (2:t' 27' : .SO' 99' 90”) . 

Bijawar limeyt . 

51 -GO 

32-75 

O' 75 

14*90 
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Kankar . , 

1 71*40 
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4*95 I 

1 20*10 

Kakimati (23'’ 29' 30” ; 80' .'>3') 

Tufa 

95*20 

2-10 ! 

1*05 1 

1*65 

Majoama (29' 39' : 80" 50') . 

Metaniorj)Jiic 

liuiest. 

1 73*40 

i 

17-75 1 

1 

0*90 

1 

7*95 


The Barakar saiulstones of the Umaria coal field are soft when 
freshly quarried, but become harder on exposure to the air. Ex- 
cellent material is said to be procuralile between Kirintal (23° 
30' : 80° 55') and Amua (23° 20' 30" : 80° 57'), beyond the limits of 
the coal field. 

CENTRAL PROVINCES. 

Amraoti. — Blanford (148 — 22, 380) uote.s the occurrence, of good 
strong .saiul.sOme. free from joints, near Ki.j.umRUR (2U 15' : 77“ 35'), 
at the base of the southern scarp of the Uavvilgarh hills (see aho 
p. 277). 


Refill. — Batches of crystalline liinesfiMie occur among the 
■metamorpliic rock.s on the edge, of the Bench Valley coal field between 
Bakar (22° I' ; 78° 12') and Bnkawari (22° 3 ' ; 78° 4'). Lime, 
.could also be made from calcarcon.s nodules occurring in the Motnr 
group. 

Fine white saiiilslones are (jiianicd at 8iroora (22° 12' : 78° 
f)7‘), and at Bathe (22° 10' : 77° 50' 30") fi'om the Talchir group 
(.tones. 953 — 3, 57). 

Chanda. — Good liiuestniK' may be obtained both from the Yia- 
dhyan and Lameta. groups, 'rire most accessible outcrop of the 
former is at Kaj»'DARA (20° 18' : 79° 3'), and of the latter at Kakam- 
GOUAN (20° 12' : 79° 2' 30"). 

The Kamthi group in the Wardha Valley coal field affords, 
sandstones suitable for all sorts of building purposes. Excellent 
stone may be obtained at Biiutara hili., (20° 30' ; 79° 8' 30"). 
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It is soft and easily dressed when first quarried, but hardens* on 
exposure. . A compact pink argillaceous sandstone occurring at 
IsAPUR (19"^ 53' : 79^ 23') is capable of being carved into the finest 
tracery work (Hughes, 888—20, 112-115). 

Iloshangabad,— Limestone occurring in tlie Bijawar series, when 
not chert-banded, has been employed for building temples, as near 
Khudia (22^ 11' : 47'), but it is usually too hard to bo worked 

with ease. 

Bijawar samlstoue has been extensively quarried at Chirakuan 
^ 22^ 2C' : 7G° 55' 30"), and used for building the fort at Tiiga, as well 
as temples in the neighbourhooil. dlie stone is coarse and hard, 
and but little prized (liose, 173— •">, 70). 

Thill red sandstone Hags from the Rewali group near Hosuan- 
OABAD (22^ 45' : 77'^ 17') are used as rooting tiles (Mallet, 1159 — 3, 
117). 

Jiibbulpore. — A band of limestone of lower Vindliyan age is 
extensively quarried at Katni (23'^ 50' : 80' 28') by Messrs. Cook & 
Sons and others. The average annual output fi)r the five years 
1909 to 1913 was 78,240 tons. According to Mallet (1159 — 3(), 
Jll), much of the limestone is of infiuior ((uality. The best variety, 
containing 9T65 per cent. CaTO^, occurs in thin beds aggregating 
only some 10 ft. in thickness. 

White crystalline marble occurs in immense <|iiantities at the 
picturesque gorge known as the MAnmn-: Bomes ’ (23’ 7' : 79^ 51') 
on the Narbada R. near Jubbnlpore, but it has not In^en worked to 
any extent. 

iVagpur. — Basalt from the Deccan tra].) series has been (juairicd 
i5»r many years at Sitabaloi hill (21'' 9' : 79" 8') m*ar Nagpur. 

A liaid dolomitic limestone occurring at IvuonAiii (21- 15': 

79'^ 10') is occasionally quarried and carved into images, etc., 

(Jenkins, 938 — 1, 198). 

The Kainthi sandslones oxjjoscd in the neighbourhood of Nagpur 
furnish large supplies of exi'cllent building stone. The quarries at 
SiLEWADA (21’' 17' 30'': 79'' IT) have been described in detail by 
Blanford ( 143 — 33 , 310). They yield several varieties of material 
from compact yellow or bulf shale used for <»rnamerdal pur[)oses to 
more or les.s fine grained sandstone of white and purplish cA)lours. 

MacGeorge (1122) gives the results of crushing tests of Kamthi 
sandstones, carried out in London. The hardness and solidity of 
the stone were found to increase considerably with lapse of time 
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after being quarried. The average crushing strain was 1,600 lb. 
per square inch. 

Niinar. — According to Bose (173 — r., 7]), sandstone of excellent 
quality ha.s been quarried from an exposure of Gondwana rocks at 
Akhund (22° 10' 30" ; 76° 16'). It has been employed in building 
the fort and temples at Puirassa, and for the railway bridge 
over the Narbada at Mortaka. 

Raipur. — -Bose has reported that the Chandarpur sandstones, of 
lower Vindhyan age, occurring along the sotithern edge of the 
Chhatisgarh plain, yield good building stone in places {see Griesbach, 
708-31, 39). 

HYDERABAD. 

Bidar. — Latcritc has been extensively employed as a building 
stone in the town of Bidar (17° 55' : 77° 36'). The sectile beds 
used for the purpose lie at a considerable depth from the .surface 
(Newbold, 1294 - 18; - 32 , 994). 

Gulbarga. — An extremely handsome variety of granitoid gneiss, 
containing much epidote (pistacite) in lieu of mica or hornblende, 
occurs in large quantities in 'the bed of the Bhima 11. betwee > 
Lingary and Kumunur (16° 37' : 77° 14'), and again near Gagulu 

(16° 28' ; 77° 12' 30"), on the S. bank of the Kistna ll. (Foote, 

896 - 12 , 257). 

^'ulgonda. — Thin bedded liiuestoues belonging to the Kurnool 
series are expo.sed along the left bank of the Ki.stna B., and afford 
serviceable building stone, besides being burnt for lime (Walker, 

1868 - 5 , 187). 

Raicliur. — Ba.saltic dioritc from a large dyke at Gutt Bichal 
( 15° 59' : 77° 22') has been used in the comstructiou of the raiiwa}" 
bridge over the Tangabhadra R. at Kasaruk (Foote, 596 — 12, 259). 
The rock is extremely hard and tough, and is jointed in such a 
manner that blocks of a convenient size for building may be extracted. 

A beautiful variety of rather fine grained, pale grey granitoid 

gneiss occurs in a low hill at Gorur (10° 19' : 77° 13'). Several 

unfinished Jain temples in the neighbourhood are built of it, and 
show no trace of weathering. Red porphyritic granitoid gneiss 
occurs at Jaldrug (16° 15' ; 76° 29') on the Kistna R. ; and a red 
and green syenitic variety at Gajendragarh (Gudjunturgurh, 15° 
44' : 76° 2'). An exceedingly landsome red syenitic rock, capable 
of a high polish, forms the high hill W. oKMosulakal (16° 23': 
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77° 4'), and could be quarried in large masses, the jointing being 
favourable (Foote, 596 — 12, 256). 

Sandstones in the Kaladgi series have been largely quarried at 
Hanamsaoar (15° 52' : 76° 6'), and are line enough to be used for 
elaborate carvings and mouldings (Foote, 596 — 12, 260). 

KASHMIR. . 

The amygdaloid basalts of the Taklit-i-Sulciman and other hills 
in the neighbourhood of Srinagar (34° 5' : 74° 54') furni.sh an 
abundant supply of hard and durable building stone. 

C’unningham (399 — 5, 230) says that the fo.s.silifeTous limestones 
of the Kashmir valley are capable of a high polish, and would yield 
a handsome marble. These limestones range in age from lower 
Carboniferous to Trias, and arc widely distributed among the hills 
lying between Srinagar and the Lidar valley (Middlemiss, 1219—28, 
217). 

MADRAS. 

The crystalline rocks which arc almost everywhere to be found 
throughout southern India, including cbarnockitcs,, graniloid gneisses, 
granite, and marble, afford a great variety of excellent building 
stones, a circumstance of which the ancient temple and palace 
builders fully availed themselves, as numerous line examples of 
their art still bear witness. The characters and general distribution 
of the cliarnochites, a series of hyjicrsthene-bearing rocks of Archaean 
age, have been specially described by Holland (859 — 31 ) ; while a 
general account of the varieties of granite found in the I’rcsidency 
has been compiled by Newbold (1294—27), 

The peculiar method adopted by the natives of southern India 
for quarrying the granitoid rocks, in which advantage is taken of 
the exfoliation caused by expansion of the rock when heated, has 
been described by llcnza (110—2, 9), Newbold (1294—27), Campbell 
(272-10, 171), Blaaford (117-«, 202), and Warth (1892—22). 
Small fires arc lighted on the exposed surface of the rock in a line 
parallel to the free edge of the outcroj), and are gradually moved 
forward and elongated as the rock is split by the expansion of the 
outer layers, the progress of the fissure being detected by the change 
in the sound given out by the rock when taj^ped with a hammer. 
In this manner sheets of stone measuring in some cases as much as 
2,000 sq. ft. in area, and not more than 6 ins. in thickness, can be 
detached. These arc afterwards broken up by means of wedges) 
into blocks of the size required. 

The native method of polishing the stone ha.s been described by 
Kennedy (978, 1 — 3 ). 
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Laterite is found in most parts of the Presidency, and is com- 
monly used in building. Babington in 1819 (55, 330) described the 
method of quarrying the rock, and a peculiarly shaped axe employed 
for trimming the stone into shape. A general account of the occur- 
rence and use of laterite has also been given by Cole (336 — l), 
Clark (321— -l), Ncwbold (1294—38, 227), and Blanford (147—8,. 
150), 

A full description of the specimens of itiarWc exliibitcd in the 
(■entral Museum, Madras, with notes on the localities in which they 
arc found, was compiled by Dr. Balfour in 1854 (69 — i).’ 

Areot (X.). — The rocks of the gneissic series offer an' inexhaus- 
tible supply of building stone, much of it of great beauty and value. 
Quartzites may be obtained from the Cuddapah series, but are too 
hard and expensive in working to be us#d except for rough masonry ; 
while the sandstones of the Rajmahal beds are not hard enough, 
except in a very few cases, to be of much value (Foote, 596 — 20, 
207). 


Areot (S.). — Leschenault de la Tour (1062 — 1> 333) notes the 
occurrence of a jade-like roek, suitable tor ornamental purposes, 
about 2| miles to the W. of TriiNAVALOUR (Tiruvananaujr, ID 
Sr 30" : 79'^ 25' 30"). The stone is very hard and compact, of an 
apple green colour, and takes a very liigh polish. 

The sandstones of the (hiddalore group are quarried to a small 
extent at Velur (ID 48': 79"'" 22') and at Vellumpalaiyam, on the 
Gadilam R. (Blanford, 147 — S, 205), The stone is compact, 
moderately fine in grain, and easily quarried. It appears to be 
well adapted for building, 

Bellary. — An account of the building and ornamental stones- 
found in the district has been given by Foote (596 — 39 , 199-205). 
An appendix (p. 213) also contains a complete list of quarries and 
localities where granite of good quality can be raised. The following 
localities and varieties of sto le are especially mentioned : — 

Dammur (Ib"^ 18' : 76'' 59'). Granite of a rich deep red colour, of 
medium to rather coarse grain ; a superb decorative stone if well 
polished. 

Toranagal hill (15^' 12': 76° 44') XDark blackish 

Kurikuppa hill (Koreekoompa, 15° 13' : 76° 43') / grey porphyry^ 
with bright flesh-coloured crystals of felspar of large size. 

Kapgal hill (15° 12' : 77° 2' 30"). Grey granite. 

Hurlihal (14° 43' : 76° 37'). Dyke porphyry. A blackish green 
rock with rich green crystals of felspar. The dyke is over two, 
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width. Similar prophyry ocdiu’s 


miles long, and of considerable 
at Kallakcrti (14° 47' : 77° 9'). 

Timapfagarh (Timangakh, 15° 8': 70° 37') ui the Sandur hills. 
Riband jasper varying in colour from bright scarlet to delicate 
pinkish white or deep red and purple, highly .suitable for inlaid 
work. Similar rocks also occur at rnnALAGANUi (15° 3' : 7()° 43'), 
and on the path leading up to the Doniniali [rlateau from Ettina- 
HALLI (YETTGNHA1.LY, 15° S' ; 70° 40' .30"). 

Nemkal (15° r ; 77' 

Metra (15° 19' : 70° 

Niegunda nn.i. (14° 44': 75° ,58') 

Anger (14° 57' 30" : 75'° 49') 

.HAR.APrANAiiALLi (14° 47' 30" : 70° 2' 30") 
several tcmplc.s in the neigh bomhood of the (juarries. 

HuvtNA Hauagama (15° 1': 75° 59' 30")')<lrev or white cry.stal- 
'FALLin': (15° 10': 70° 40' 30") J line linie.sfoiie. (Iccurs- 

in the Dliarwar .series, but only in small (juantity. 


O') ■) 

4 i;)j-t!rcen i|iiar(7.ite. 


r»(.sfoii(‘. Til is 

been used in 
con.st ruction 


has 

the 

of 


('liiiigleput. — 'I'he following localities where Iniilding stone is <|uar 
ried are meiit.ioned by Foote (596 — 8, 131): — 

Paeaveram (12° 58': 80 I2>') a llornhleiiilic gneiss. The 

('L'iiDAi'AKY ( lioiiltry (12° 50': 80° 11') f rock is also ijuanied for 

PuTTAN’D.'NEi’M (12° -58': 80" 9') 1 the manufacture of arti- 

Wale.uarad (12° 47' : 79° 53') J cle.s of domestic u.se, 

such as curry stones and rollers, mortars, etc. 

Nu.ndiveram (12° 50' 30": 80" 8') A <>'runitoid gneiss. Avery 
Seven Pagodas (12° 37' : 80° 15') .■ handsome and durable, 

. Tuiekarikunum (12° 30' 30": 80° 7').; pale yellowish or pinkish 

white stone. 

Laterite occur.s at a large numlier of Idealities, and i.s much used 
for building. 

Saiids(oiM‘S arc procurable from the Rajinahal beds near (.'onjeve- 
RAM (12° .50' : 79'MO'), SutC!EEPJEEi(''J), and Sattavedu (13° 20': 80° 
1'). The stone is comjiact, easily dressed, and moderately durable. 

('oiinbalore. — Several writers (Blan ford, 147 — ; — it 240; Nichol- 
son, 1302 , 22; (Iricsbach, 70S- ° 8 , 152) have called attention to 
the exi.stence, near Madekarai (10'’ 54'; 77' O'), 7 miles S. of 
Coimbatore, of a band of crystalline iinie.sfone which would form 
a valuable inarblc, but has hitherto been little used. 'J’he rock is of a 
greyish white or flesh-pink colour. Tlic length ol the outcrop is 
about 7 miles, and the width varies from 100 yards to a (juarter of 
a mile. 
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' Cuddapali. — The principal building material of the district is 
derived from the Pferji liniestouc formation, which covers a wide 
area. The stone is very compact, sub-crystalline, and extremely 
fine grained, with a wide range of colours, from bluish grey to black. 
Some varieties are capable of a high polish. The stone has been 
quarried on a large scale at Nerji (14° 39' : 78° 35'), and some 
of it has been used in building the Madras University (King, 987 — 7, 
70, 281 ; Gribble, 707—1, 27). 

Thin slates are obtainable from some of the beds of the Ciiddapah 
series (King, 987—7, 283). 

(Indavari.— Stratified sandstones forming low hills at Paddaguram 
(Peddapuram, 17° 5' : 82° 12') have been quarried to a considerable 
extent (Benza, 110 — 4, 54). 

Ountur. — Handsome varieties of granitoid gneiss might be quarried 
in the Kokdavidu hills (16° 16' ; 80° 20'), but little use is made 
of them, except for rough work (Foote, 596 — 17, 106). 

The limestones of the Kurnool formation found on the banks of 
the Kistna R. between Warapilli and Amaravah (16° 35' : 80° 
25') are largely used for building (Voysey, 1853 — G, 402). Some of 
these limestones take a high polish, and would make handsome 
marbles (King, 987—7, 282). 

Considerable <iuantities of sandstone have been quarried at 
Tanghllamudi (16° 17'; 80° 39'), CfijEimoLU (16° 11' 30": 80° 35'), 
and Pavulur (15° 51' : 80° 14'), for canal works. The stone obtained 
at the two first named localities is of rich red and purple colours 
(Foote, 596-17, 107). 

Histna. — A considerable variety of excellent marbles is to be 
obtained from the Cuddapah and Kurnool formations occurring in 
the district (Mackenzie, 1130, 243). 

Sandstones of good quality occur at the following localities, 
according to King (987—18, 252): — 

Peduavegi (16° 48' : 81° 10'). Comp, act even grained stone of 
a brilliant red colour. Hardens considerably on exposure. 

Tundkalpudi (16° 54': 81° 14'). Bull coloured granular fels- 
pathic stone of perfect durability. 8imilar stone is found at Jan- 
AMPET (16° 46' 30" : 81° 7'). 

Kurnool. — The Nerji limestones, found throughout the Khundair 
valley, are much used for building (Gopalakristnamah Chetty, 675, 
98). 
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Serpontinous limestones of pale green and yeilowish colours, 
occasionally darker green with convoluted laminse, occur near Kur- 
NOOL (15° 50' : 78° 6') and at Kadrabad, 3| miles to the S. E. 
These would give a finely clouded marble (King, 987 — 7, 160). 

Madura. — The following building stones are mentioned bv Foote. 
( 696 — 24 . 98-103) ^ ' 

Tiruparai-kundram (9° 53' : 78” 8') ■) A very handsome reddish 

Ambalatitanut (9° 55' : 78° O') j granitoid gneiss, with pink 
and grey bandings. Is susceptible of being carved with great delicacy. 

ARUPUKOTAt (9° 31' : 78° 9'). Rich red granitoid gneiss. Masses 
of 18 to 20 ft. in length have been fpiarried. When polished, the 
.stone resembles the finest Peterhead granite. 

Munurupur (9° 35' : 78° 12'). A similar rock, but of a duller 
red colour. 

SuAYALAPATTi (9° 30' ; 78° 10' 30"). Massive purplish grey 
granitoid gneiss, a very handsome rock. 

Tirushuuai (9° 32' : 78° 10') Banded gneiss, A handsome rock 
of high quality. 

Kot.uparai (9° 29' : 78" t'). Black Imrnblendic gneiss, suitable 
for carved work. 

Puliarpatti (10° 7': 78° M'). Banded gneiss, procurable in 
very large blocks. 

Kalliguui (9° 11'; 78° 2'). Pale pinkish or greyish white 
granitoid gneiss, with bands of pink garnets. 

'fiKUMAL (9° 13' : 78° 7'). Fine marble of various colours may 
be procured but has not been made use of. 

Stv.\OA.N'(!A (9° 51': 78" 33 ). Hard sandstone, probably of 
Cuddalore age ; it is quarried to some e.xtent. 

.Malabar. — Laterite is commonly used for l)uildin.g. Only the best 
varieties are capable of supporting a severe crushing strain (Lake, 
1025—1, 236). 

In 1815 Cullen reported (397 ■>) the discovery of a dcp(jsit of 

limestone in excavations on the breakwater at t'ociiiN (9" 58'! 
76° 18'). The stone is said to have furnished an e.xcellent hydraulic 

lime. 

Ncllore. — Very little use is made, except as rough building stone, 
of the granitoid gneiss that might be obtained at many places in 
the district. A pinkish grey variety is quarried to some extent at 
KucHUPUDt H1I.L (15° 28' : 79'" 41'), and used for making cart wheels 
<Foote, 696 — 17 , 105). 
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Nilgiri • — Slabs of gneiss of any size required for building may be - 
obtained in many places from exfoliating masses of this rock (Blan- 
ford, 147—3, 244). 

Piidukotai* — Very handsome graiiHoid gneiss is quari'icd at Tm- 
KONUM (10^^ 23' 30" ; 78"^ 52'), close to Pudukotai, and at Kunam- 
ULLA (10^ 35' 30". : 78"^ 52'), 14 miles to the north. Similar stone 
could be procured from Virallimalai (10'^ 36' ; 78*^ 36') if required. 
A less handsome, but useful variety, is quarried at Tkimiem (10^ 
15' : 78" 49'). 

Compact, richly ferruginous laterKe conglomerate is largely used 
for rougli building purpovses. The most reliable and homogeneous 
varieties are obtained in the Shenkarai (UC 16' ; 78" 53') and 
SnAHKOTAi (10" 6' : 78" 55') tracts, where blocks measuring 8x 
1-Jxl ft. are raised (Foote, 596 — 18, 157; —24, 99). 

Raiiuiad.— Fine crystaMiiie limestones of various colours occur at 
pANTALAGUDf (9" 24' I 78" 9'), blit no use appears to have been 
made of them, exeejit as rough stone. 

The great temple at Kameswarain is built of calcareous sandstone, 
which forms a fringe along the south coast of the district. At 
Valimukkam (9" 10' : 78" 42') a coarse gritty vaiiety of the rock 
has been quarried on an extensive scale (Foote, 596 — 24, lOI). 

Salem.—Le Fanii (1048, Vol. I, 102) notes the existence of a. 
bed of crystalline limestone, admirably fitted for building purposes, 
at Shattambur, 7 miles N. W. of Namakal (11" 13': 78" 13' 30"). 
The outcrop extends for at least 2 miles to the E. of the village. 

A smaller outcrop of similar rock occurs at Maiianpolliam, E, of 
Sankaridrug (11" 28' : 77" 56'). 

Tiniievell.v.— Palo coh)ured highly siliceous gneiss is quarried at 
Waivdukarai (9" 18' : 77" 59'). 

Fine crystalline limestones of various colours occur at Shen- 
KOTAi (9" 17' : 78" 9'), but hitherto no use has been made of 
them, except for rough purposes. 

The gritty calcareous sandstones of sub-recent origin which 
occur in the neiglibourhood of the coast have been quarried at 
Vedanattam (8" 58' : 78" 12'), and used for building at Tuticorin. 
Similar beds occurring at Panamparai (8" 28' : 78" O'), Kudung- 
kulam (8" 11' 30": 77" 45'), and Tiussianvillai (Teggayanvella, 
8" 20' : 77" 55') also yield fine building stone, which has been 
used in the construction of ancient temples at Tiruohendur, and o£ 
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modern cluirches at Megnanapiiram, Mudalur, and Idda}am<m(ii 
(Foote, 59fr^24, 101). ^ "" 

Travancore.— The supply of building stone of excellent quality 
is practically uulirmtod, but little use appears to bave been made 
of it, except for the construction of fortifications. 

Some of the hard sandstones from the Warkalli ))eds have been 
used to a limited extent for building (Foote. 596 - 2 r>, 115). 

Tricliinopoly. — Kaisalt is largely used for building purposes in tlie 
valley of tlie VEr.LAH R., which forms tlie northern boundary of the 
district (Muzzy, 1278, 91). 

Blanford (147 — s, 202) has given a (h'seription of the native 
method of quarrying gneiss and of the tools <unployed, also of th^' 
method of burning lime (p. 207), for which kankar and sliells abni' 
arc used. 

A band of ealeareous grll occurring at the base of tlie Utatur 
group, and forming a ridge between the villages of V'ayalapadoi 
(IT' 20' 30": 79'^ 11') and VARAKCADf (11' 10': 78" r>8') is quarried 
to a considerable extent. Hie stone is caunpact, but does not Ixai; 
exposure to the weather (Blanford, 147 — s, 205). 

King (987 — l) has described a ])and of civ-stalline liniesloue 
occurring at Najvajli (10"^' 98' : 7<y' 30' 30"). Tlie band is from 
0 to 7 ft. thick and has been traced for more tlian 2 miles. 'Fhe 
colour of the stone is grey, white or pink. A similar baud occuis 
at Mutum, 4 miles to the north. In both cases the rocJc is well 
adapted for building purposes. 

Vizugaipatain. — Red and wldtc dolomitac limestone, ocamvring near 
Kondao-ORI (IS'-" 57' : 19') in the Ji^ypore Zamindari, would 

make a very pretty ornamental stone when jjolished. 

Potstoiie is ([uarried to a small extent for building and other 
purposes near On'J’AGAon (lb"" 52' : 82'" 35') to the W. of Jeypore 
(Walker, 1872™!?, 175). 

.MYSORK. 

Kankar is wddedy distributed throiigliout the State, and is ex- 
tejisively used for the manufacture of lime, .some six or seven 
thousand tons being transported annually by rail for this purpose 
(Frimrose, 1431 — 8, 227). A statement (»f the number of kilns and 
output of lime in the Chitaldroog and Sliimoga districts is quoted 
by vSambasiva Iyer (1548 — 7, 249)/ 

Sankey (1555 — 2) gives the results of analyses of samples of 
limestone from various localities in Mysore, and Nicholson (1301 — 3) 
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has described the results of experiments in the manufacture of 
cements, carried out at Bangalore. 

Chitaldroog. — A pink variety of granite found in the Chitaldroog 
Taluk is used for building (Sambasiva Iyer, 1548 — 5, 116). 

Wetherell (1915 — S4) states that a vast amount of dark grey 
crystalline limestone occurs to the E. of Javangondanhalli (13° 
50' : 76° 49'). 

Fissile slaty schists are largely used for building in the Chital- 
droog Taluk (Sambasiva Iyer, 1548 — 5, 116). A chloritic variety 
of schist is quarried at JuGAum (14° 31' 30" : 76° 24'), and is 
used for flooring. Slabs of any size required may be obtained 
(Sam pat Iyengar, 1549—1, 92). 

Hassaii. — Foote in 1900 (596 — 45 ) called- special attention to the 
existence of green (fuchsite) quartzites, highly suitable for ornamental 
work, in the neighbourhood of Bei,vadi (13° 17' : 76° 3'). A later 
account by Sambasiva Iyer (1548— n, 35) gives further particulars 
of the distribution of these quartzites. They are said to be exposed 
also near Sinbagere (13° 19': 76° 2'), in the Kadur district, a 
short distance to the N. W. of Belvadi. 

Mysore. — Balaji Rao (68—5, 153) notes the occurrence of two 
bands of grey crystalline limestone close to the site of the Cauvery 
dam. The quantity available appears to be large. 

The existence of a dyke of reddish brown fclspathic porphyry on 
Karigatta hill (12° 25' 30" ; 76° 46'), near Seringapatam, was 
noted in 1888 by Foote (596 — 34 , .56), who says that it would yield 
an inexhaustible supply of superb decorative stone. He afterwards 
compiled a list of similar dykes occurring in the Seringapatam and 
adjoining Taluks (596— 4(>). The.se dykes have since been examined 
in detail by Sampat Iyengar (1549—^), who gives a complete list 
showing their distribution and dimensions in an appendix to his 
report (pp. 54-60), and by Balaji Rao (68 — 4 ). Dykes measuring 
from 2 to 4 miles in length <)ccur at 'rADGAVADi (12° 26' 30" : 
76° 53'), SiDLiNGAPUK (12° 22' : 76° 42'), Narankere (12° 27' : 
76° 56'), and Turganur (12° 2.3' : 76° 57' 30"). The width in 
some cases is said to be more than 10 yaids. 

Tiimkiir. — A dyke of amphibolite, occurring to the E. of 
Kadehalli (? 13° 7' : 76° 52' ,30"), lias been quarried and used 
extensively in the building of the palace at Mysore. Other expo- 
sures of a similar rock were found among the hills N. E. of 
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Chennarayapatna (12° 54' : 76° 27') in the Hassan district (Sainpat 
Iyengar, 1649 — 3, 42). 

Massive limestone occurs half a mile to the S. W. of ^'oBLAPUR 
(13° 26' : 77° 13'). The outcrop is of small extent, but it funiishes 
a fine quality of lime (Primrose, 1431 — s, 227). 

Massive dark grey liinestoue similar to that found near Javan- 
gondanhalli in the Chitaldroog district is also exposed, according to 
Wetherell (1915 — 9, 34), to the- S. E. of Nkrlaouddi (13° 44' : 
76° 48'). 

jf. 

NORTH-WeST FRONTIER PROVINCE. 

Hazara. — The following building materials are mentioned by 
Middlcmiss (1219—17, 28.0);-— 

The gneissose gruiiUe largely developed in the northern and 
western portions of the district splits readily ijito slabs, but is used 
only locally for building. 

Triassic liuiesfoiie is quarried near Abbotabad (:3T' 9': 73^' 16') 
and HavSSAN Abdul 50': Tl''-" 45'), and furnishes a good 

durable stone, but somewhat sombre in colour. 

Limestone suitable for the making of lime is widely distributed, 
especially in the Slate and Numnuilitic zoiu's. 

The harder courses among the Murree samistones, found in the 
southern parts of the district, furnish an easily worked and fairly 
durable material. 

Some of the finely foliated sehists are ns(‘d for roofing purposes. 
Slabs of large si/e can b(^ obtained, l)ut are IVom | to i inch in 
thickness. 

Waagen and Wynne (1860, 331) suggest that tlie Attock slates 
might afford valuable roofmg material. 

Kohat.”"The niirnmulitic limestones would f:>upp]y a considerablo 
variety of building material of exc(4jent quality ; as well as the 
harder bands of slightly calcareous sundstone occuiTing in the 
lower Tertiary group. Flagstones could probably be obtained from 
among the more thinly stratified layers (Wynne, 1975 — 15, 291). 

PUNJAB. 

Ciurgaoii. — In 18(37 ('^ampbell (270) drew attention to the exis- 
tence of J*lHtcs of goed (juality in the neighbourliood of Rewari 
( 28"'' 12' : 76'^ 41'), especially at the base of the KnoLi utlls, 3 miles 
W, of the town. These slates are now being quarried by the 
Kangra Valley Slate Co, The average annual output for the five 
years 1909 to 1913 was 2,465 tons. 
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^ .“Banded and concretionary nummulitic linie- 


iheium 

(Salt Kan^e; 

stone, found on the 8alt Range plateau above the head of the 
Saudi glen (32° 41 : 72° 47') have been quarried for ornamental 
purposes (Wynne, 1975 — 18, 299). Both flesh-coloured and black 
marbles might be obtained from the carboniferous limestones, 
blocks of wliich aie procurable in any size required, and take a high 
polish (Fleming, 591—5, 264). Varcha (Wurcma, 32° 25' : 72° 2') 
and the Narsing Wahan near Katua (32° 31' : 72° 29') are 
mentioned as coivSnient sites for quarries. 

A band of pisolitic ironstono^, occurring at the base of the nummuli- 
tic series, has also been quarried for ornamental purposes (Wynne, 
1975-18, 299). 

The Purple sandstones at the base of the ('ambriaii group have 
been largely used as building stone (Wynne, 1975 —18, 298) ; but 
Fleming in 1853 pointed out (591—5, 255) the superior quality of 
the overlying Magnesian sandstone for this purpose. This stone is 
now being (piarried on an extensive scale at Jdtana (32° 43' : 73° 
13') and other places in the neighbourhood for the Jhelum Canal 
Woi’ks. 

, Calcareous tuia, occurring in many parts of the Salt Range, has 
been used in preference to all other materials by the ancient temple 
builders. Thougli light and porous, it appears to liave withstood the 
action of the weatJier very well (Wyiine, 1975—18, 2()8). 


Kangra. — The existence of slates of good ([uality along the 
southern flanks of the Duauladuar range, between Kaugra and 
Cliamba, appears to have been first noticed by Cuimingham (399 — 
5, 229), who mcntioj)S that many of the l-ili villages and towns 
are roofed with them. Mcdlicolt (1197 — 5, 176) describes these 
slates as consisting of a ))urely siliceous rock, exti'emely fissile, and 
easily dressed. Largo quantities are now being raj^scd annually 
by the Kaugra Valiev Slate ('o. at IvANurARA (32° 12' : 76° 24'j, 
near Dharnnsala, and at oiljer places by the Bhargava Slate Co, 
For tlie five years 1909 to 1913 the average annual output was 
5,155 tons. 

Faliala.— -Bose (173 — 2l. 59) has given an account of the building 
materials available in tlic Naniaiil division of the State : — 

BLick liiuestoue, well suited for the manufacture of lime is found 
at DiiANi Bathanta (27° 59' : 76° 10'), 4 miles S. E. of Narnaul, 
and at Baliari (27° 51' : 76° 12' 30"). 

Black and white marbles are worked at the Mandi and Datla 
HILLS (28° 3' : 76° 8'), near Narnaul, and a band of white marble, 
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200 ft, thick, is quarried at Bjharipur (27^ 55' : 70' 8'). Sinnlar 
marble occurs at Dhonkoha (27"' 51' : 7G^ 6'), but has only been 
worked to a small extent. Black or l)lack and wliite banded marbles 
.also occur at Makandapur (27"‘ 59': 76' 8'); Jalanwali near 
ISLAMPUR (27'' 55' : 76'^ 6'), where they have been rather extensively 
worked ; and at Goela, on the southern edge of the district. 

Schistose quartzites have been extensively tjiunried the hills 
W. of Begopur (27"*' 56' 50" : 76'^' 7'). The rock is micaceous and 
.splits easily along the planes of lamination. 

Quartziti(i sandstones arc worked at Baliaxa and Rajawas 
( 28'' 18' : 76' 7'), and between Maxj>laxa (28' (Y : 76' 9') and 
Khaspitu (28' 7' : 76' 12'). 

Simla. — Limestone is quarried at Bkospkct iuli.. near Simla, 
and has been used iit building the Simla town liall ; but specimens 
submitted to the Geological Survey for examination were found to 
be very friable and impure. Tlu^ Sanjauli qnarl/Jtes form an ex- 
cellent building stone (Hayden, 793 —-S. K)), 

Massive beds of sandstone suitaJile for building occur in abuii*- 
dance among the lower groups of tlie sub-llima' lyan serif's. The 
Siwalik samlstones are usually too soft and frial)h' for the jiurpose 
(Medlicott. 1197--5, 175). 

Hutton (900 — 909) notes tlu^ occurrence of slates of good (|uahty 
at SiiARMAiJ, six days’ jourm'v to the north of Simla. 


KAJPUTANA. 

Ajmer- illerwara.-- Limestone i.s (juarried at IvuurA Kukua, 6 
miles to the N. B. of Bhawar (26)' 6' : ' 25'). 

The Alwar quartzites ffirni.sh au abiiiulaut supply of good l)iuld.iug 
stone. The best (juaiTies arf^. situatf’d at Sillok.v (26’ 52'; 71' 
54' 5U") in the Kisliangarh State, and at Siuxacar (26 ' 26' ; 71 ' 
5(T). Slabs measuring from i ,) to 20 ft. in length, may be obtained 
(La Touche, 1033. 7). 

Alwar.-- White marble of good qualit y occurs near Diiadakir (27 ' 
56' : 76' 57'), but lies at a. ooa.sideral,>lf‘ distance from the railway 
(H:a}den, 793--:n, 16, B. 165). 

According to Haeket (730 — 92 ;- r 250)' wlnte marble also 
occurs at Jueri (27' 11' : 7fr 16'), and coloured marbles at K.HO 
(27' 11': 76' 26') and Baldeogapji (27^ 7' :3<i" : 76' 26' 30"). 
Black marble can be procured from the i\IoTiooxGiU ridge, near 
Ahvar^ 

Quartzite of an excellent quality i.s largely (| named at Berla 
\ (27' 23': 76' 50') and other places in the neighbourhood. It is 
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p^earl grey in colour, very durable, and easily worked. Quarries 
might be opened in any part of the four ridges to the E. of Mala- 
KHERi (27^ 23' : 76° 41' 30"). 

Schistose (j(uartzites used for roofing flags, etc., are quarried 
near Rajgarh (27° 14' : 76° 41') and Mandan (28° 6' 30": 76° 26'). 

The Ajabgarh slales have been used for roofing the stations on 
the railway. A baud of excellent slate is now being worked by the 
Kangra Valley. Slate Co. near Kunt> station on the Rewari-Phulera 
railway (Hayden, 793 — 20, 85). 

Bliarafpur.— The celebrated saiidsfoiie quarries situated between 
Bhakatpur (27° 13' : 77° 33') and Kupbas (27° 0' : 77° 39') have 
been fully described by Hardie (764 — o, 329), Robinson ( 1500 ), and 
Mallet (1159 — 3, 1 18). The beds worked are those of the upper 
Bhander group, the highest rneinbcr of the Vindhyau series. 
According to Mallet, two marked varieties of stone are quarried ; 
one of dark red colour, speckled or streakrd witli yellowish white 
spots or blotches ; the other yellowish white, and of a very fine 
and homogeneous texture. Of these, the red variety is of distinctly 
inferior quality, as compared with the white, but it sometimes 
possesses a perfectly parallel lamination, which enables it to be split 
into flags of various thicknesses, e.xtrcmely useful for roofs or 
flooring. 

Tests of the relative strength of the sandstones, carried out by 
B oilcan ( 167 ), showed that while the white variety lost nearly half 
its strength when saturated with moisture, that of the red variety 
was only slightly afTected ; and that the latter wuis -therefore the 
more suitable for roofing purposes. In a dry state, the strength 
of the white variety, as compared with tliat of the red. was in the 
proportion of 17 to 11 (B. 515). 

Bikaner. — Red sandstones of upper Viirdhyan age have long 
been quarried on an extensive scale at Dulmeka (28° 25' : 73° J3'), 
30 miles to the N. E. of Bikaner. The stone is a fine grained free- 
stone of first rate (juality. rractically the whole of the town of 
Bikaner is built of sandstone from this neighbourhood (Powlett, 
142a--~i, 97). 

Jaipur. — White marble occurs in large quantities, but is rarely 
free from crystals of tremolite, which spoil its appearance (Hayden, 
793 — 31, 16). The best quality was found at Maundla (?). Hacket 
(730 — 2, 92) mentions quarries of white marble at Ratalo (27° 5' : 
76° 17'). Finely laminated argillaceous flags are procured at 
8ALIMPUR (27° 6': 77° 2'). 
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Schistose qiiartKUc.s, used for roofing, etc., are (|uarried to tlie 
N. of Amber (26° 59' ; 75° 55'). 

Saudstoiie is quarried at R.\oiirx.\TiiOAKH (27° 40' : 75° 24 ). 
The rook is a white, fine grain«d freestone, and is obtained in large 
thick .slabs, which are de.s])a.tched often to great distances (Haydini, 
793 — 31 , 17). 

Jaisaliiier. — The town of J.msai.mkr is Iniilt of liiue.stone of 
Jurassic age, which is quarried on an CNteiisive .scale in the neigh- 
bourhood (Blanfoi'd. 148 — 50, 15). It is of uniiorn) texture ajid 
very fine gi'aiii, is capable of finely earxTd. and resists the 

action of tin? weather well. Slabs of this inattaial have been taken 
to distant places for temples, tombstones, et(\ ; some of those in 
Sind having elaljovate Aral.)ic inscriptions cut upon them. 

Tlie village of Anna (27' 5' : 70' 57') is situated upon a band 
of fossihlerous limestone of a dark red colour, in which the fossils 
have been convfuted into a yellow sulistance. forming a very handsome 
marble. It is known throughout uortheju India as “ .Ctmi* stone/’ 
and possesses a semi-sacred charaeter, I)lo(‘ks of it being placed as 
thresholds in many of the temples (Oldham. 1324 -is, 159). 

Mar^ar 1 celebrated (luarries of white inarbl^ situated 

(Jodhpur) J 

at Makrana (27^ 2' : 74 ’ 47'). wliieh are said to have furnished 
the stone for tlie building of the Taj Mahal at Agra, have been 
Avorked for ages, but hax'e never Ix^en ade.quatcfiy described. 
The marble forms a serh's of ridges barely elevated above tlie 
surrounding sand, hills, corresponding in direetio]) with the strike 
of the rocks from N. N. K. to S. S. \V., and extending for a consi- 
derable distance to the. S. \V , of the village. The quarrif‘s are deep 
trenches, in which the marble o(‘eurs in bands with a high easterly 
dip, some of whicli are upwards of 2 ft. in thickness (liaeket, 730 — 
4, 259), separated by layers (d' micaceous schist, and occasionally 
traversed by veins of coa^rse granitic Some of the bands are of a, 
g.rey colour., but many ari* of ilie pm-est wliite. The r|iian,tity of 
the- best mai’l/ie sfil) availabh' is said to be very large (Jlayden, 
793—31, 17) It is being (‘inployssf in the building of the Victoria 
Menroriul in Calculta, l')ut much of it is still worked, up on the spot 
into tln.rse beautiful pierced sci'ccms which are so conspicuous a 
feature of the native arcluTectiua* of nortliern Indiii. 

A huge mas.s of white marble of'cnrs at S.xraxo wa (25^ 17' : 
72v ;31') in (Jodwar, and has I»eeii (piariied if) a famsiderable extent 
(l.a Tom'lie, 1034— 3S, 17). Tht‘ rcfck. is of a snijunvliat coarser 
texture than the Makraiia marble, Imt of a ])ure white colonr, 
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'* The hills in the neighbourhood Jodhpur city are capped with 
alternating beds of fine and coarse grained sandstone, of upper 
Vindhyan age, from which inexhaustible supplies of the most 
■excellent building stone may be obtained. The fijier beds afford 
material not only for the walls of the liouses, but also for beams 
to support the ceilings, as well as flags for roofing and flooring. 

The stone is of a soft reddish tint, is easily worked and 

thoroughly durable, and is susceptible of the most delicate carving. 
Splendid examples of its architectural capabilities, in conjunction 
with white jnarble, may ])e seen in the old palace and fort at 
Jodhpur (La Touche, 1034—28, 28). 

Mewar (764-7, 78; —8, 62) )nentions the 

(Udaipur) J v / 

existence of large quarries in wlute and grey crystalline dolomite 

at Kankrolt (25^ 3' 30'' : 73^’ 57'). A quarry had also recently 

been opened in a band of fine white marhle near tlie fort of Maxdal- 
GARH (25^ 13' : 75" 10'). 

UNITED PROVINCES. 

Middleton (1221 — 2) remarks on the clnaractcrs and durability of 
the building stone (Vindhyan sandstone) quarried in the districts 
of Agra, Allahabad, Ihinda, Bharatpnr, and Mirzapur, and gjves 
particulars of the absorbent power of the s))ecinieus. He also 
gives a description of the means employed by the qaarrymen for 
transporting large blocks of stone (B. 544). 

Sills (1634) gives the results of crushing tests applied to speci- 
mens of sandstone from varions (juaiTies in the United Provinces. 

Agra. — The upper Mndhyau sandsUmes are (juarried in .many 
places in the district. Ivcid (1472) enumerates 59 (|uarnes (including 
those situated in tbe adjoining State of Ifiiaratpur in Eajputana), 
and gives particulars of tln^ method of working thenn The quarries 
at Fatrupur Sikrx (27" 5': 77" 43') arc said to have supplied the 
stone used for building in Agia (Voysey. 1853—1): but, according 
to Reid, the stonc' froin this locality is of inferior quality. The 
best stone is produced in Paj'gaua 8arlundi, wlicre it is of a grey 
and red colour, and of a texture suitable for all kinds of architec- 
tural work. 

The arts of inlaying, screen piercing, and soapstone carving, 
practised at Agra> have been described by Keene (968). 

Allahabad. — Quarries in the upper Vindhyan sandstones at Par- 
TABPUR (25" 17' : 81" 37') were opened by Government in 1863 
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' (Owen, 1364). The stone worked is a fine grained hoinogeneous 
sandstone of a light reddish colour, occurring in beds C to 8 ft. 
thick. The stone is brought to Allahabad by water, and was 
used for building the railway bridge over the Jumna. A full 
.description of the native (juarries at this locality was given in 
1846 by Monckton (1239). Sandstone of a similar kind is also 
quarried at SEoru.irun (25^ 12' : 8r 40'), on the East Indian 
railway (Mallet, 1159 — s, 117). 


.. Itiuora 
(Kutiiaon) 



building stone is to be obtained ' almost 


everywhere in the district (Lawder, 1040-1, 89). Fine grained 
evenly bedded (jiuar^ziiles am used for the purpose at Auioha itself 
(29^ 36' ; 79^ 43'), and a pale coloured gneiss at Ranikiiet (29"^ 
38' : 79*^ 29'). Herbert (827 — e, 234) mentions the fjceurrence, 
close to Almora, of a porphyritie grey graniOn which would be 
suitable for oi’jiamciitnl woik. 

Limesfoiie is found in great abundance in the district, but lime 
is usually nmjjufacturod from beds of calcareous tufa (Lawder, 
1040—1, 89). 

A special report on the slates of ('Hri'inn (29‘' 49' : 79"^ 28' 30"), 
in Conner, tion with their use for rooling purposes at [{anikhet, was 
drawn up by IJnghes (888 — <>) in 1870. Tliey weie pronouaeed to 
be inferior to Welsh slates, being laminated (not cleaved), and more 
siliceous and coaiser in texture; but slabs of less titan in. i]) thick- 
ness, , aiul of suliirient size, could readily be obtai'ied from the lower 
bands exposed i}i the quarries. 

Herbert (827 — lo, cxvi) states that perfect I'oohng slates occur 
in abundance at LiniooHAT (29'" 21' ; KG'" 9'). 


K^hra Dim.— iilane (145, 61) mentions the existence of slate 
quarries in Jannsar, but dues )iot say where tliev are situated. 
The slates are used for roofing iu);ises in, many of the Inil villages. 

Jalaim, -A peculiar :Lse to which kankar is put in this district 
lias been descrilnd by Smith (1656- L 624).* TJie krakar is found 
in the fonn of thin plates at t-hc base of the higli banks of older 
alluvium on the Jumna li. near the village of Kauim Kuan, opposite 
Bhadaura (26'" 23' 36" : 79"" 34'), and in the bed of the river. Slabs 
measuring from 2 tr> 4 ft. in length by 1 to 2 ft. m breadth can be 
procured, and are used to fmm the projecting eavos oi loofs, and as 
dripstones over the windows at Kalpi and other towns and villages 
in the neighbourhood. The peculiar foirnation extciids for about 
hali a mile alo,iig the river. 
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Mlrzapiir*— Mallet (1159 — r», 19) has described a fine verde- 
antique marble occurring near the mouth of the Bichi stream (24^^ 
8' : 83^ O'), a tributary of the Ber li. The rock is a white crystalline 
dolomite, interbanded with rich green serpentine and layers of 

tremolitic liornblende. Slabs nieasuriiig from ?> to 6 feet across, 

transverse to the bedding and showing the alternation of limestone 
and serpentine, might be procured in any tpiantity. 

The Kaimur siiiids<ones„ oi* lower group of tlie upper Vindhyau 
series, have been ([uarried on a very e.xtensiva^ scale at Mjrzapur 
(25"^ 9': 82'- 37'), ('honak (2r/' 8': 82'^ 57'), and intermediate poijits 
for many centuries, and the stone is well known for its excellent 
qualities throughout the lower (binges valley. The rock is line 
grained and compact, of reddish yellow or greyish white colour, 

and is very durable. The beds often spread for long distances 

without joints or fissures, so that very large lilocks (‘an be obtaim^d 
(Mallet, 1159-^-3, lib; B. 510, 544)." 

Beports on the woiking of the (juarries were (Jrawn up by an 
anonynn'nis writer in 1841 (35 — 12), and by .Money (1241) in 181(.). 
At tkat time there were 283 (|ua.rries o]>en. and 891 closed; but few 
of tliem w(.ne worked to a deptli of over 25 ft. 

The average annual p:roductio]i of stojie at ('Inniar. during the 
five years 1909 to 1913, was l(>3.8(i4 tons. 

Tehri“<iiarl)wal. Excellent roofing slaves arc said to lie fonncl 

along the vall(W of the Aolak IE (30 ’ 30' : 78" G'). to the N. (d' 
Mussoorie (Herbert, 827—10, Ixxxix). 

GARNELIAN, sec GEM-STONES AGATE. 

CELESTITE, sec RARE MINERALS STRONTIUM. 

CEMENT, .s-cc vnder BUILDING MATERIALS. 

CERIUM, .see lonhr RARE MmERALS, 


CHROMITE. 

ANDAMAN ISLANDS. 

Mallet (1159 — 3S, 201 12. 83) re(;«>r(ls Hie discovery of blocks 

of chromite at tlic village of (Makaiujaon (Ih' 39': 92" 12'), near 
Port Fdair. The mineral was jiot found vc .s//c. Inst was siippoBcd 
U) Inive b(M.\n ;isst)ciatc<i with .se.rpentinc, whicii is kiown to occur 
in the ncighbomhood. The quaisfcity a\'ai(able is |irobably not large, 
for the bieeks ssppeai’ t(.) be confined to one sp.it. 
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BALUCHISTAN. 

Qiietta-Pisluii and Zhob.—Tlie discovery of cbroine iron ore in 
‘Baluchistan dates from the year 1901, when Vredeuburg reported 
its existence as veins and segregated masses in scr])ontincs associated 
with igneous intrusions of upper h’retaeeous age, distributed along 
the hills bordering the Zliob valley, and the upper part of that of the 
Pishin Tl. About 2 miles to the E. of K.iiANOZAi (30' 37' : 07‘- 20') 
a mass consisting of almost pure ore was found, ineasnring about 400 
ft. in length by 5 ft. in breadth, and containing over hi pw' cent. 

Ho]]an<], 859- 9). 

Active exploitation of the joimnal began in 1903, when 281 tons 
were raised and exported. Between that yt^ar and the end of 1913, 
no less than 115 mining leases were a))plied for and granted, 12 in 
tlie Qiietta-Pishin district and 103 in Zhob. 72 of tlie latter being 
issued in one year, 190!). No ade(|uate pros]>ectfug uperations a,ppear 
to have preceded the appbVations for most of these leases, for the 
output lias by no means kept pace with tlx^ multipli(*ation of eon* 
cessions. The inaximnm (jiiantity produe-ed v\ms in 1907, 7,274 tons; 
but siiK'C that year pKainction has ('onsiderably fallen ofl'. Tho 
average annual production, during the live y(‘ars 1909 to 1913, 
was 3.033 tons’. ]ji 1914 the oiit])ut amounted to 3.000 tons, and 
in 1915 to 2,10J tons. 


BIHAR AND ORISSA. 

SinirliblHiiti.--ln ilie year 1907 a dvj)osit nf chromite was dis- 
covered by ]\Jr. it. San ladle at tln^ th’iiA pass (22 " 2)3' : (85'' 43'), on 
tlie road l)etween Phaibasa and Sonua, Bengal-Nagpur Jlaihvay. 
It oecurs in tlie form of bed-like veins ii|) to 10 ins. in widtli in ser- 
pentine, and as dissemijiated grains in tin' sanu' rock. In tlie 
course, of prosj)ecting operatfons about 400 tons ol ore were extracted. 
Samples of the ore vielded oO'Ob per cent. Pr., (b (■‘'C^' Floiland, 869 - 71, 
-31), 

Annual outputs of <S48, 552, and 505 tons of ore Irom this nefgh- 
])ourhood have been jepoitcd during tin* three yeais l!)13 to 1915. 

BURMA, 

llyilkyina, — 8juaH crystals of eliJ-omite are dis'AMuinated through 
the serpentiiie of the Tawmaw jade tract (25^ 42' : 90^ 17 ), but 
not in siifficient^quaiitity to be of commercial value (Bdeeck, 151 — 3, 
259), 

MADRAS. 

Salem. — The existence of chromite !n association with the magne- 
-site of the ^ Chalk Hills " near Salem appears to have been discovered 
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by Mr. Heath early in the last century. In 1832 Prinsep (1436 — 
ll, 254) gave a description of specimens of the mineral sent to him 
from the mines opened by the Porto Novo Iron Co. at Kakuppur 
( 11^ 43' : 78^ 9'), and says that works had" been established in 
Salem for the preparation of bichromate of |)otash. Ten years 
later Ncwbold (129^ — 29, 1(17) described the mode of occnirence of 
the ore. as seen in the shafts, wliich had been abandoned after the 
extraction of about 100 tons of chromite. It was found, he sa}^s, 
in irregular veins, or forming detached nodular or angular masses 
imbedded in the magnesite. On analysis the ore was found to 
contain 49 per cent. (Ji^ 0^. Later accounts by King and Foote 
(988, 315), Holland (859-r>; I4g), and Middlemiss (1219--18, 34 ; 
— 20) agree substantially with that given by Ncwbold. According 
to Holland (859 — *^o, 133), tlie chromite is associated with intrusions 
of ultra-basic rocks (dunites), and is considered to ha ye been segre- 
gated into nodules and bands during the early stages of the consoli- 
dation of these rocks (B. 332). 

The irregular manner in which the chromite occurs in the Mlialk 
Hills' area rendei'S it impossible to form an estimate of the quantity 
available. 

Similar conditious were found by Holland to be present at the 
N. W. base of Kanjamalm hill (11^ 37': 78^' 7'), and a suiall 
outcrop of chromite, forming a vein 4 ins. thick in magnesite, was 
found at this locality by Middlemiss (1219 — 18, 37). 

MYSORE. 

A list of localities in whicli chromite has been found is given 
by Slater (1649~-5, 25). 

llassan. — Sampat Iyengar (1549-— 3, 41) states that chromite 
is an important member of the Nuggihalli schist baiid, wliich extends 
in- a S.S. E. direction from Arsikere (13" 18" 30'": 76" 19"). It 
was found largely developed at several localities between that place 
and NrGGiHALLi (13" 1': 76" 32' 30"). It is associated wdth an 
ultra-basic rock, in which it occurs in lenticular masses. The 
quantity available wa.s roughly estimated at 30,000 tons. The 
quality of the ore varies considerably, the yield of chromic oxide 
ranging on analysis between 30 and 50 per cent. (Venkataramaiya, 
1838-1). 

Mysore. — Clark (321 — 2, 117) mentions a discovery by Captain 
Haldane of a good deal of cliromate of iron in the Residency com- 
pound at Yelw'AL (12" 21': 76" 36'). 
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In 1905 Sambasiva Iyer (1548—11, 41) noted the occiUTeuce of 
small masses of chromite imbedded in dnnite near Shinduvaoli 
( 12'" 12': Te*" 42'). Subsequent prospect ing woi*k showed that tlie 
mineral extended over a wide area between Kaoakola (1*2" 11': 
76'" 43' 30"), a station on tlie Mysore railway, and Mavinhalta 
(12" 13': 76^" 36'). From this tract about 10,000 tons of ore had been 
collected and exported up to the year 1912 '(Ahnkataramaiva, 
1838--3, 165). 

Raghavendra Rao (1450, 142) lias noted the occurrence of blocks 
of chromite at the edge of a belt of schists about half a mile W. of 
IviusnxAKAjrET (12" 40': 76" 33'), ajid Jiear Kabual (12" 50' 36": 76' 32'). 

The record of production of cliromite in M}^'oi’e reflects tlie 
sporadic manner in wliieh the mineral occurs. In 1907, the year 
after tlie first concession was taken up in the Kadak()la area, it 
amounted to 11,000 tons, all of whi(‘h must liave been derived from 
shallow pits exeavated in the nutuerous veins and lenticular masses 
which vere then visible at the surface; or have been collected in 
the form of loose Aveathered blocks from tlm beds of streams. AvS 
thicse sources of supply quickly became exhausted, the |)roductlon fell 
to only 610 tons in 1908. A [>artial reco\ery took |>laee in 1909, 
due probably to the ex[>l(>itation under similar conditions of the 
superficial dej)osits in the Nuggihalli area. The ])n)(liiction for that 
year was 4,925 toms, l.)ut for the three following years the retiims 
were blank. For the years 1913 to 1915 inclusive, outputs of ],414, 
2.330, and LOU tons have been recorded. 

PUNJAB. 

Kangra. — Mallet (1159 — 166) statics that fragments (fl' chror; ic 
iron ore are scattered in some ahiuulance through tlie debris on the 
borders of the Hanle Cho (32" 47': 79" 4') in Spiti. They are 
probably derived from serpen ti nous rocks, which form miuli of tlie 
hills on either side of the river, especially on tlie west., but the ore 
was not observed in situ (B. 334), 


CLAY, 6CC vnder BUILDING MATERIALS, FIRE-CLAY, and KAOLIN, 
COAL. 

The following reports and papers deal with the general distribution 
of coal in India : — 

1838<46. Mcdelland (1117-15; —V): — 17 ; — 23 : - 31 ). Reports 
of a committee for investigating the coal and mineral resources of 
India. 



COAL 


1846-47, Ansted (36 — i ; — 2). Coal districts oi India. 

1803. Oldham (1326 — 33). Gives details of the working oj. each 
colliery, and statistics of output for the vears 1858-60. 

1863. McClelland ( 1117 — 30 ). The coal fields of India. 

1868. Oldham (1326—48). The coal resources and production 
of India. Contains a table of analyses of 74 samples of coal, and 
statistics of output for Bengal. 

186?). Oldham (1326 — Statistics of output of each colliery 
for the years 1867-68. 

1873. Hughes (888 — ii). Estimates the total area of tlie Indian 
coal fields at 35,000 square miles. 

1873. Blanford (148 — 42 , 388). (omeral remarks on the dis- 
tribution of coal. 

1877. Hughes (888-21). Gives particulars of tlie cost of boring 
for coal in India, and describes the methods employed. 


1879-81. Ball (71 — 39 ; — 44 , 58; — 45 , 59-120). General* accounts 
of the mode of occurrence and distribution of coal. 

1898, Dunstan (514 — l). A brief aec'ount of tin; distribution of 
the coal fields, witli tables of analyses. 

1900, Mahon (1153 — 3 ). On the coking (juality of Indian coals, 

1902. Dunstan (614—4). The coal r(‘soiirces of India and their 
development. Contains tables of analyses, and statistics of output 
for tlie years 1895 to 1900. 

1910. Pickering (1402 — 3 ). The coal deposits of Lidia. 

1911. dcLaunav (459—2, 311). 1. , ^ n 

1911. SchreiUcT (1585) j 

Gondawana coal fields, chiefly comjaled from the publications of the 
Geological Survey of India. 


1913. Ball and Riinp.son (72). A revision, ontii-ely re-written, of 
the chapter on coal ((4iap. II) in Ihirt 111 of the Manual, Geology 
of India. 


1913. Ashton (45). A Iiistojy of the developinent of the Indian 
coal fields. 


Tables of analyses of Indian coals are also given in the following 
papers : — 

1831. Prinsep (1436—8, 280). 

1838. Prinsep (1436—30). 

1852. Piddington (1405—49). 

1868. Danvers (417 — i). Remarks on the quality of Indian 
coal, with .special regard to its employment on railways and steamers. 
1895. Abel (4—1). 

1906. Dunstan (514 — 1 4). 
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1910. Hughes (886 — 3). Gives detenninations of the calorific 
value of a iiuuiber of samples of Indian coal. 

iV.j?.-— References to Ball and Simpson's Memoir on the coal fields of 
India are denoted below by the letter S. 

AFGHANISTAN. 

Ak Robat 55': 67^^ 42'). Thin anthracitic scams, pro- 

bably of ( arboniferoiis age, are mentioiK'd by (JriesIjacJi (708 — 13, 
241). These have since been examined bv Hayden (793 -^22, 58), 
and shown to be graphitic schists of no value as [iiel (S. 12). 

(hiAiiiL VALLEY (37)' 385 f>7' 37') and Sulsiia Alax(4 (35'^ 42': 
07'^’ 20'). • Numerous seams of coal occur, several of them over 6 
ft, in thickness. Details of the sections exposed at timse localities 
arc given by Gricsbach (708—13, 213. 210), who estimated the 
quantity available from the best s(‘am, 0 ft. thick, over an area of 
9s((. 'miles in the neighbourhood of Sliisha ;\lang, at 50 millioii tons 
(S.12). 


ANDAMAN ISLANDS, sec under LIGNITE. 


ASSAM. 

Hendersim (811) gives particulars (d the discoveries of eoal 
made in Assam np to the year IS38. A general aecount of tlie 
distribution of the Assam coal fields was compiled in tlie same year 
by Mcdelland (1117 - -12). 

vi)eneat)i the fringe of Siwalik sandstone's \vhi('li occurs along the 
base of the liijiialava (ui tln^. juuthci!) side of the Assajii vaHey, a 
band of coal-bearing (ioudwaiia rocks lias been met with wherever 
tlic outer hills luive been pemA-i-ated. In each case the coal is 
intensely crusiied and friable, and its value as fuel is m^gligible. 
The band is known to ocfuir at tlie following localities : — 

Alxtr Hills.- siri;a,\i (27" 8'; 97,' 17,'). f.ciiticnlar patclies 

of coal up to -1 or ■> ft. in 1 liic‘knc.s.s (flrovvii, 211 — -'‘fft. 27,2). 

Akii Hills.-- 'Bi)Riu,tLr (1. (27'' 10'; 02'"^ 17,'). Thin scams aiid 

lenticular |,atclics of coal. The tfiickc.st .scam nicasnrc.s 18 iins. 
(La Touche, 1034- <i, :122). 

Daphla Hills.-- Dikiua-nc! li. (27' 13': 0.‘L {.>'). A seam of coaly 
shale 5 to 0 ft. thick ((.lodwin-Austcn, 669 — Ki, 37). 
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The productive coal fields of Assam occur in rocks of Cretaceous 
or Tertiary age 

fiaro Hills. — Daranggiiu (25"^ 27": 90^ 46"). First described by 

Medlicott (1197 — 33). Productive area about 20 sq;- miles. Average’ 

thickness of workable seam 5 ft, 6 ins. Estimated total quantity 
of coal available, 76 million tons, most of which lies above the main 
drainage level. The field is situated in the centre of the hills, and 
is somewhat difficult of access (La Touche, 1034 — 1). Average 

analysis (2 samples): — C-“49‘8 : Vol.~o6'o: Water-- 8*8 ' Ash=5’l per 
cent. (S. 24). 

Haiugaon^ (25''' ?A': 90'" 8 ). Pedfv)rd (96—2) records the exist- 
ence of coal seams, 2 to 3 ft. in thickness, at Salkura and Mfram- 
PARA, but Medlicott (1197- — 12, -14) has shown that the so-called coal 
is merely a resinous shale, of no value as fuel (S. 23). 

PuNDENGRU (25'^ 17":9(V^ 59"). Codwin-Airsten (669 — 17, 43) 
notes the occurrence of four seams of coal, from 3 to 8 ft. thick, 
below the scarp at the crest of the hill. The total thickness of coal 
exposed is about 20 ft. 

Ronorexogirt (25^ 33": 90" 37"). Foal Tjieasure rocks, pro- 

bably once continuous wifii tliose of the JJaraiiggiri field, extejul 
for about 7 miles along the valley of the 8omeshwari R., but no 
coal of practical value has yet i>een found amo)]g them (Medlicott, 
1197—33, 60 ; La Touche, 1034 — 1, 175). A few outcrops were 
discovered by J)atta (see King, 987—48, 5) in 1891, but the best of 
them indicated a seam of only 15 ins. in tliickness (S. 21). 

SiJU (25"^ 21": 90'^ 45"). A seam of highly resinous coal, 3 ft. 
thick, is exposed at the base of the hills immediately north of the 
village, a]id is broiiglit up by a I’ol! in the strata on the banks of the 
Someshwari R. to the south. The eoal is much ernshed, and too 
friable to bear transport to a distance (Medlicott, 1197 — 12, 13; 
S. 24). 

Kliiisi and Jaintia Hills.— Lhkktia Pu.n.ji (25'" 17": 9R 47"). ( oal 
appears to have beef( discovered in this area by Air. J. Stark in 1815 
(1889). It occnr.s in a singin soaiu not exceeding \) ft. in thickness, 
lying from 10 to 15 ft. above a .strong l)a.ml of nummulitic limestone 
(McClelland, 1117-9, G9 ; Oldham,. 1326—8, M(t, 185). Mining on 
a moderate scale wa.^i carried on for several years from 1834, when 
M atson (1902 — 2) reported the (le.spatch of about a ton of the coal 
to Calcutta for trial. In 1842 the output was about 3,900 tons, 
and in 1844, •4,200 tons. ■ 

A detailed examination of the Held, carried out by La Touche 
in 1889 (1034 — 12), showed that the thickn8.ss of the seam varies 
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from 3 to 9 ft. The area of the field found to Ite 13(> ai res, 
and the total quantity of coal available was estimated at 1,185,000 
tons. Analysis by Prinsep ( 1436 — 8 , 283) (;-()2 0 : Vol.=.37T ; Ash 

r=0'9 per cent. (S. 26). 

Jauain (25'" 19' 30"; 92^ 11' 30"). An outcrop near this place 
shows from 3 ft. to 3 ft. 6 ins. of coal, but containing so large 
a proportion of pyrite.s that it is practicaU\- valuele.ss (La Touc'lie, 
1034 - 3 , 199). 

LAfSANGAo (25' 20'; 91'' 48'). The occiuTcnce of a seam of 
coal about’ 3 ft. thick near SvK.rniM, at the northern edge of thi.s 
field, was noticed by Cracroft ( 383 —;?. 252) in ISiLi. Tlie tiekl wa.s 
surveyed by La Touche in 1890 (1034 -15). 'the area, was found 
to be 320 acres ; average thickness of .seam. 3 ft. ; and. tritai quantity 
of coal available about 1,500,000 funs. Aiialy.sis Iry (racroft (383 
— 3, 250): — (J-r:53 : Vol-~ J5: 3 jn'J' (S. 27}. 

Lakapong (25'' 1,!': 92^ 200- A soaiu ol' coal of variui)le 

thickness is exposed the scarps hoiuiding i wo snudl |)!ateans, above 
a band of mnniniilitic limestone, as at ( nerra Funji (Oldhanp 1326 — :^ ; 
— 3, 145). Taking 2 ft. as tlie average (hick?iess of the seam, and 
the total area of tlie tield as ;h.)0 acres. La Touche ( 1034 — i if) esti- 
mated the total quantity of coal availabh^ at IdbLOOO tons (S, SO). 

JjANGarx, see I'MnLAv li, beh)n\ 

MAO-Bib-LAHKAK (25'' '2i': 91 ' 49'). A small Held, covering 11 
acres only, but of some importance, «‘i8 it supplied the heafi-i|uai1er.s 
station of IShillong f(.)r many years. 4Te coal was sfiown U* be of 
(.d'etaceous agf' by Medlicott (1,197- -IT, 175). Average thickness 
of seam, 3 ft.; and total quantity of coal available iii 1899, estiifiated 
at 52:000 tons (La Touche, 1034—15, 122 ;S. 20). 

MAOPiiLA.xr; (25^ 275 91 -Ly). Outcrops of eoai at Umsaomat 

and .Dboitm uill, to the S. \\'. of Maophlang, were described in 
1875 by Mallet (1159 — s). The sf^am at IJmsaomat is only 1 ft, 
thick, shaly and worthless. At Dedum hill the coal is of better 
quality, but contains 31*6 per cent, of ash. The seam is 3 ft. 
thick. No estimate of the quantity available is givei^ (S. 20;. 

MAOSAiscDKAM (25" 185 91'^ 39'). The held occupies the summit 
of three small knolls, a mile and a half N5 of the village. Total ar<‘a 
about 22 acres. 8eam variable in tfiickmess. Taking 2 ft. as the 
average, the total ([uantity of coal available would be 63.0(K) tons 
(La Touche, 1034 — 15, 122). The coal is of poor fuiahty, hut has 
been used to a small extent for liine burning (S. 27). 

Satunga (25'^ 22': 92'^ 30'). An. outrr()p of coal, i ft. 9 ins. 
thick, has been recorded by La Touche (1034—3, 201), Coal I ft. 
thick was also seen at Nokhara, in the same neigh bourhoo*! (S. 30). 
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Than-ji-nath (25^^ 18': 91° 57' 30"). A section of the Tertiary 
beds at this locality, given by Oldham (1326 — 8, 130), shows a 
seam of coal from 3 ft. 6 ins. to 4 ft. in thickness. It is said to 
^ thin out to the westward to 1 ft. 6 ins. 

Umblay R. (25° 20': 91° 5'), or Langrin. This is the 
largest coal field in the Khasi Hills, covering an area of about 30 sq. 
miles. The earliest mention of coal in this neighbourhood is by 
Jones (956 — 284) in 1(^29, wlieji the outcro}) of a scam 2 ft. thick 
was found near the crest of the scarp overlooking the village of Laour 
in Sylhet. In 1809 Godwin-Austen (669 -13, 11) described a section 
in the ravine of the Um Pin, on the jiorthern edge of the field, 
showing the outcroj) of four seams, with an aggregate thickness of 
20 ft. 4 ins. of coal. Additional outcrops were found along the edges 
of the field by La Touche (1034 - 2 ; — ^ 4 ), but at such wade intervals 
that no reliable estimate of the total qiuuitity of coal available 
could be formed. Tlie coal is of very fair quality, analyses of 
sam])les from two of the seams exposed in a ravine ]u‘ar Porsora 
(25° 12': 91° 14/) giving about iX) per cent, of caibon and from 6 to 
8 per cent, of asli (S. 28). 

Um RinKN(^ (25° 3(5': 91° 52'). The oiitcro]) of a scam of coal 
was discovered by Bose m jf)02 at tlie foot of Dingliie hill, near the 
head waters of tlie Uin Rilcng ( 173 — H>). Snbsecjiiont exploration 
by means of borings and trenches proved the existence of a scam 
5 ft. thick over an area of nearly 100 <-ieres, erpiivalent to 470.000 
tons of eoal. Tlie coal is somewhat deficient in fixed cai'bon, con- 
taining about 30 per cent., but it contains only (5 per cent, of ash 
(S. 29). 

Wapu^nG (25" 255 92" 22') and I)ox(;chat.a (25° 2U': 92° 23') 
Criesbaeh ( 708 - 31, 18) records tlie discovery l>y Hose of outcrops 
of coal, al)out 5 ft. in tliiekness, at these localities. Tliey probably 
occur in the same spread of (d’etaceous roi/ks as the eoal of Jaraiii 
and Satunga (S. 29), 

Lakliiiiipur.— Jaipur (27° 10'; 95° 27'). The discovery of several 
seams of workable coal on the banks of the Bnri Diking R. near 
Jaipur, and of a seam 8 ft. thick at Horuat (27° 10' : 95° 25') on 
the Disang R., was announced by Jenkins ( 941 - 2 ) in 1838. For 
several y(‘,ars the coal was worked by means of open quarries for 
the supply of tea gaulens in the neighbourhood (Hannay, 760 — 3; 
Medlicott, 1197 — 9 , 395 ); and in 1870 the known outcrops were 
examined in detail by Mallet (1159 — 9, 314), who estimated the 
(puintity of coal available within a depth of 450 ft., over a length 
of outcrop of 15 miles, at 20 million tons. 
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A more recent examination of the field by yinijxson (1640~-vS) ^ 

has shown that the outcrops extend for a length of at least 
miles. No estimate of the atnount of coal available Avas made, 
except as regards a limited area near the Disang R., within easy 
reach of the Assani-Bengal railway at Dilli. Ten seams were 
found, of Avhicli six are of workable thickness. On a modejate 
estimate the qiiaiitity available in this area, within 500 ft. from 
the surface, would be aljout Lh(>7t),000 tons. 

Owing to the position of tin' outerops at the l)ase of tlie hills, 
and the high dip of the seams., a veiy small proportion of the coal 
li(‘s above the saturation level of tin' eountrv, and a high water 

discharge must bo aiOaV'ipated in niiniiig. The (jualitx^ of the coal 
is good. Analysis (average of 8 samples) 55 0 : Vol. - 51*7: 

Water --^5*9 : Ash::--! 'I percenl. (S. 18), 

(-7"' 18': 95'^ 40)- N(> record a]){)(‘ars to have been 

preserved of the discovery of tins lielO. which is now the most pro 
ductive in Assam. When visited l)y Mc'diicott in 18()5 (1197--0. 

305), a seam of hard briglit coal, 5 ft, thick, was being (|iiaiTie(l (m 
the Tira]) K. The outcrops were ('xamined in 187b by Malh.'t 
(1159 — •-), 301), who traced them for a distance of al)out 13 miles. 
The mcKst valuable seams wTre found to lie In'tweeu the. Tira|) and 
Najndang streams, a length of 51 miles. W'ith an avc'rage aggregate 
thickness of at leas! 30 ft. Tiie total ({uantity availal)Ie within a 
depth of too ft. from the surface was estimate^!, at. 18 milhoii tons. 
Tlie seams usually dip at a high angle, but since tlie oiitcro[) lies at 
a consideralde elevation above the mitiiral drainage level, tlie coa! 
is easily wcjrked by means of adits. 

Regular mining operations w*ere begun in 188], wlieucollieri.es 
were opened at Lr.oo, Tikak, and Namdamu In 1881 the output 
was lb, 493 tons, and sinee then it lias st.i'adily iucK'ased, to more tliaii’ 
3f)0.00(> tons anmiallv. hid! aeeonnts of the system adopted in 

working the eolliejies. c(mdit’i(n)s (4' labour, ate., have been given by 

Turner (1814) and Tfarris (768-1). Measurements of tlie seams 
n ad(‘ by Simpson (1640 - t») in jOOb sliow^ that ilu'ir thiekucss was 

underestimated l.y Mallet. It varies IVoiu bO ft. (50 It. coal, lU ft. 

nre-clav) at the Rower Redo mme, to lOb ft. b ins, (79 ft. b ins, 
coal, 27 ft. fire-elay) at Namdutig. A r«‘vlsi'd estimate of the total 
(juantity of c()al avaiiaJde la'tweer. these ]daees ajul. lying above t!ie 
natural draiimge of tin* streams, makes it about liO miilioii tons. 

The qualily oi' tlie eoal is exeefienl.. Analyses ot 10 sampli's by 
Smith (1665) gave tlie foihiwmg average re.udt : ( - -/7*47 : \ ‘.4. 

^40-38 : Ash - 2'] 5 |mu’ eent. ft eolurs wd!. and yielded 
cuin ft. of gas ]K‘r ton. l.ts etiief rjefeet is tlie high proportion e4; 
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‘ sulphur which it contains, and its brittle character when exposed to 
the atmosphere (S. 17). 

The output in 1914 amounted to 303,890 tons, and in 1915 to 
■308,071 tons. 

N.amchik or Namrui' R. (27° 25'; 90° 2'). Three seams of coal, 
3 ft., 9 ft., and 3 ft. thick respectively, were discovered in 1837 by 
(iriffith (709 — .4, 117) and Bigge (125~i) close to thu junction of 
this river witlr the Bnri Diliing. Tiie seams were also described 
by Medlicott (1197 — 0, 399) in 1805. More recently (1911) the 
section has been e.xauiiiied by Rascoe (1369 — lo), who describes it 
as consisting of five groups of seams within about 300 ft. of strata. 
The total tliickness of coal ex})osed amounts to 00 ft., of which 5 or 
0 ft. is of poor quality. Analysis (average of 2 samples) ; — C~52'9 : 
Voi. — 4-l’4 ; Ash — 2'7 per cent. (S. 10). 

Sibsagar. — Disai R. (20'' 37': 94° 28'). Extent of field unknown. 
Five or six seams, fi'om 0 ins. to 4 ft. thick, were observed by Mallet 
(1159 — y, 344) in a small lateral stream near the village of J.M’r, and 
one of 3 ft. in the Lank of the Disai. The coal is soft and crushed. 
Analysis; — C— 5t'9: Vol.=3G’9; Water:-:3'4 : Ash— 4'8 per cent. 
(S. 2i). 

Dojgrung R. (20° 21': 93° 49'). An outcrop of poor coal, 3 ft. 
thick, has been described by La Touche (1034—5). The coal 

contains 48‘70 pei' ce.nt. of ash. Tiie seam is probably continuous 
with that ex])osod in tiie Xambor R... 4 miles to the south-east 
(S. 22). 

Jamiixa R. (2t)° O'; 93° 25'). The discovery (d a seam of coal, 

2 ft. 0 in.s. thick, near the falls on the .laniuna R., w'as reported by 
Jenkins (938 — 2) in 1835. Analysis :—R—29'9 : Vol.=00'9: Ash 
=9-2 per cent. The existenee of this scam has also bee.n noticed 
by Brodie (see McClelland, 1117-12. 949), ((range (689, 949), 

McClelland (1117— 2y), and Masters (1190, 58). 

Janji R. (20° 42': 94° 42'). The length of tln^ field is about 2 

miles. Coal seanrs are few and unimportant, the thickest known 

jneasuring only 3 .ft., of which 1 ft. is of inferior quality (Mallet, 
1159-9, 343; S. 20). 

L(3N(aoi Hiim (25° 55': 93° 17'). A seam of coal 12 ft. thick, 
probably of Cretaceous age, has been described by Smith (1657 — 2, 
93). The coal is of poor quality. Analysis (average of 2 samples): 
C=25'36 : Vol— 53'74 : \Vater=4-62 : Ash=lG'28 per cent. (S. 21). 

Nambor E. (26° 19': 93° 51'). Coal was found in three places, 
about 8 miles above the falls on the Nambor, by Smith (1^7 — 2, 
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•94). It is’ of extremely poor quality, containing from 30 to over ^0 
per cent.?^ of ash (S. 22). 

Nazira (26° 65': 94° 48'). The coal measures in this field have 
been traced for a distance of about 10 miles across the valleys 
of the Saffrai, Tiru, and Dikhn rivers. A swim about .jO ft. thick, 
of which 4 ft. was good coal, was mentioned by Thornton ( 1779 ) in 
1848 as occurring on the Dikhn, at a considerably elevation above 
the bed of the river. The. outcrops were examined in 1870 by 
Mallet ( 1159 — 9 , 328), who estimated the total quantity of coal 
available, within a depth of 350 ft. from tlie surface, at 20 million 
tons in the Saffrai area; and at 15 million tons in the Tiru-Dikhu 
area within 600 ft. of the oiitcro}). More recent investigations of 
the seams exposed in the lower Saffrai and Dikhn valleys by Simpson 
(1640 — 8, 215), and of those in the ujiper Saffrai and adjoining areas 
by Hayden (793 — 18, 295), have shown that the number of seams is 
very large, but that the greater proportion of the coal lies below the 
permanent saturation level, and at too great a distance from the 
railway to be readily accessible. Simp.son eistimated that a limited 
area on the Dikhu, within 7 miles of the railway, would yield about 
2,210,000 tons of coal, obtainable by means of adits. 

'Ihc coal is similar to that of the iMakum field. Analysis (average 
of 11 samples): — ('--57’8 : Vol. -34'1 : W'ater— 5‘5 : Ash— per 
cent. (S. 19). 

Siiigpho Hills. — Maiobu.m (27° 27': 96° 21'). Two seams of 
bard bright coal were idrserved by La Tonchc (1034 — 7 , 112) on the 
ascent from the Dihing K. to Maiobum, at elevations of 1,300 and 
1,800 ft. above the river. The lower seam measured 3 ft. in thickness, 
and' the upper more than (5 ft. (S. 16). 

BALUCHISTAN. 

Bidan Pass. — Macii (29 ' 52': 67° 21'). The exLsterree of thin 
seams of coal at this locality was noticed by Hutton (900 — 8, 570, 
601) in 1846. Sections of the strata containing the coal have been 
given by Griosbach ( 708 — 4 , 22) aird King (987 — 40 , G). The seams are 
numerous, birt very thin. Noire of those exposed near Mach exceeds 
2 ft. 8 iirs. in thickne.ss (Blanford, 148 — 72 ; — Ti, 175). The coal 
bearing rocks arc widely distributed along the flanks of the Sor 
range to the cast of the pa.ss, but are greatly contorted and broken 
up by faulting. 

The coal is mined to some exterrt by petty contractors, the average 
amrual output itr recent years beiitg about 8,000 torus. In 1914 
■ 8,677 toirs were produced, and iir 1915, 7,825 tons. It is of poor 
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quality, and contains a considerable amount of pyrites, ^alysis 
€===41*0 : Vol==33*l : Water==10*9 : As}i=:15*0 per cent. (S. 33). 

Sarawari.— J ohan (29'' 20': i'). ^"redenbiirg (1864 — 30, 

204) mentions the occurrence of a seam of coal, 3 or 4 ft. thick, in 
the upper part of the Ghazij group, half way between eiohan and a 
place called Ziai^vt. The coal is in a very splintery condition, and of 
poor quality. ' 

Zauakhu E. (JO'' 10': G7'' 8'), Two scams of coal, with an 
average thickness of about 2 ft. (> ins. and 3 ft. respectively, were 
Tound by Oldham in this valley, and were trace<l eastwards for 
several miles (see King. 987 — to, 8). The quantity available within 
400 ft. of the outcrop Avas estimated at about 300,000 tons. The 
coal is of better quality than that of Mach. Analysis (average of 
2 samples): — C*~4f*7 : Vol.-43-3: Water --7*7 : Ash*"4'3 per cent. 
(S. 34). 

Sil)i.-^-(hiAMAKLAN 0 11. (30" J Ik GO 30'). Kail (71~~19, 151, 
15G) has described some seams of coal diseovererl by Sir K. Sandeman 
in 1870 in the Luni Pathan country. None of tlie seams obserxed 
exceed(4 9 ins. in thickness, but the quality of tlie (‘oal from tlio 
principal seam was good. Analysis (a\erage of 2 sam])Ies) : — €-= 
57*8 : \T)1.=38*8 : Ash-^3*4 ; per cent. (S. 31). 

Duki (SO'' 11': G8^ 37'). Seams of coal were found by Oldham 
(1324 — 37, 29) ill several places, but the thickest measured only 14 
ins, (S. 31). 

Harnat (Jo'' b': G8". O'). Sections of the coabbearing rocks 
Ivnng to the W. of llariiai railway station have been described by 
Oldham (1324'“32, 108). The principal seams, in layers of coal 
and carbonaceous shale,- are 19 and 20 ims. thick j'especli^u'ly, The 
coal is of good ([iiality, and makes an excellent coke. Analysis 
(average of 2 snmplesj »50'5 : \ol.--JG’21: Water— 8*30: Ash 

rexJ-jO percent. 

A 32dnch seam of coal at this l<x*ality is now being woiked (S* 
32, 33). 

Knos'r (j(b IJ'* 07'" JA') Sections of the coal ii'easures exposed 
in this ncighliourhood were measured by E. J, Jones iu 1(888, and the 
pu)S])ects of obtaining nsidul coal were discus.sed by King (987--40 
7; — U). The piiiicipal seam, vitli an aveiago thicknebs of 2 ft. 
21 ins., was traced jor a distance (>f about 2 miles. Tim (juantitv 
ot coal av^ailable, vrithin a depth of I.OtMO ft., Avas estimated at 565,0(4) 
tons. 

A colli(n’y was ojumcii by the North* Westin n Eailway ('o. in 
1877, au<l now poiduces about, tons of coal annually. Mort 
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( 1257 ) has given a full account of the conditions under which mining 
is carried on, and of the method of briquetting the dust coal, from 
14,000 to 15,000 tons being treated in this manner during the year. 

The coal is of fair quality, and cokes well, but it contaijis a con- 
siderable amount of i))'rites. Analysis (average of 0 samples) 
C-::46'52: A o].-41-51 : AVater-:2-28 : Ash- 8*84 per cent. (S. 81). 

Shauigii (30^ 12': 07"^ 42'). A section exposing SO seams of coal 
within a vertical thickness of 370 ft. of strata was measured by 
Blanford in 1881 (148-— 72, 15J ;--72, 191). These jjicluded ojiJy 
4 scams of 12 ins. or more, tlie thickest measuring 21 ins. Ana- 
: AT)L---40-8: Watcr~:^()-8 : Asln-4‘S percent. Cries- 
bach (708 — -t>, 137) found twm steams iueasuriug 2 ft. and 2 ft. .3 irw 
respectively in the upper part of tlie series, and considered that a 
large amount of coal would be available in this area (S. 31). 


BENGAL. 

Biirdwaii, Ranigan.j, BIHAR AND ORISSA, 

Oarjecniig.—Tix\i)!iAniA (26'-’ 51': 88"^ 20'). Tl\e existence of car- 
bonaceous shales containing Damuda fossils near Pankabaiu (20^ 
50': 20') was recorded i]i 1849 l)y HiA)ker (867 — G, Vok 1 , 403). 

In 1854 Piddington (1405 — 60) gave an analysis of a specimen 
of ' earthy soot coal ' from the district, wliich was probaldy derived 
from this band. It contaiticd 40*30 per cent, of ash. 

In 1874 Mallet tjaced the band of Damuda rocks from Pankabari 
eastwards to the neighbourhood of Dalinc (27^ 1': 88'^^ 46'), a dis- 
tance of about 30 miles, and examined a laige luimber of outcrops 
(1159““6, J4, 51). Many scams were found, varying in thickness 
from 2 to 11 ft ; but the intense crushing to which tJie rocks have 
been sulqected has reduced the coal to the condition of powder. 
Prospe<'ting oj)erations were eartied out in the thick seam exposed 
at 'I indharia, which was proved to a dejith of 80 ft. from the outcrop 
(Mallet, 1159 — J.o), and experiments on the coking projicrties of 
tlir! coal were made. 

In 1890-91 Pose carried out an exhaustive exjdoration of the 
jMM'tion of tlie hand lying between the Jj’su and Panitlii rixers, a 
dislauCe of 2^ miles (173 — 12; — ir>). .Numerous outcrops, varying 
in tljickness from 5 to 24 ft., wxu’e-oj.umed out, and tlie ciial from some 
of them was found to voice well. Tlie (piantity of "(‘oal available 
wdthin a depth of 1,000 ft. from the oiiterop, in tli(‘ central porfjon 
ol the area examined, rneasnririg 97 aenvs, was estimated at 5J 
million tons, and the total quantity at 20 million tons. 
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The coal is of an anthracitic character, and contains only a 
trace of sulphur. Analysis (average of 8 samples) : — C=59'66 : 
Vol.=22-94 : Ash=17'42 per cent. (S. 35). 

BHUTAN. 

Kala Pani '(26° 55'; 91° 55'). The remains of six lenticular 
seams of coal, from 2 to 3 ft. in maximum thickness, were observed by 
Pilgrim (140ft — 7) at a spot where the rocks had been exposed by a 
landslip. The coal occurs on the same horizon as that of Darjeeling, 
and is in the same crushed and friable condition. A trial in the 
furnace of a stationary engine gave satisfactory results. Analysis : 
— C-54-87; Vol. = 19-06 : Water- 1 -82 : Ash =24-25 per cent. 


BIHAR AND ORISSA. 

Hazaribagh. — B okaro R. (23° 47': 85° 42'). Specimens of coal 
from a locality on the Bokaro R., 24 miles to the S. E. of Hazaribagh, 
were forwarded to the Asiatic Society of Bengal by Drummond in 
1838 (503). The field was examined in 1852 by Williams (1935 — 2, 
21), who found 11 seams of coal aggregating 30 ft. 10 ins. in thickness, 
of which 20 ft. 10 ins., in 6 separate seams, were considered to 
be workable. A complete survey was made by Hughes (888 — 2) 
in 1867. The total area was found to be 220 sq. miles. Seams 
very numerous, some of them being of great thickness. The 
eastern portion of the field is said to contain the most valuable 
seams. Total estimated quantity of coal available, 1,500 milhon 
tons. The field is )iow being exploited (S. 55). 

Ghope (24° 2': 85° 17'). The smallest detached coal field in 
India, occupying about three-fourths of a square mile. Ball, who 
surveyed the field in 1872 (71 — 14 ), found only one seam of coal 
of poor quality, 4 ft. in thickness, and very limited in extent 
(S, 57). 

Giuidih (24° 11': 86° 23') or Karharbari (24° 10': 86° 20'). A 
report on this field was published in 1850 by McClelland (1117 — 33 , 
36). Twenty scams of coal were counted, with an aggregate thick 
ness of 92 ft. A seam of e.xcellent coal, 11 ft. thick, was being 
worked in 1851 (Oldham, 1326 — 2, 5). Subsequent reports, giving 
details of the workable seams, geology, conditions of labour, and 
quality of the coal, have been drawn up by Smith (1655 — 2, 95), 
Hughes (888 — 3 ), and Saisc (1545 — i 3 ), as well as a brief 
descriptioif by Cadell (255 — 1). 
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The area of the field is about 11 sq. miles, of which 7 sq. miles 
are occupied by Barakar rocks. The principal scams which have 
been worked are ; — 

(1) Karharbari lower seam. Area, 7 sq. miles; average thickness, 
16 ft. 4 ins.; total quantity of coal, 105 million tons. 

(2) KarhaTbari upper seam (now almost exliausted). Area, 150 

acres; average thickness, 6 ft.; quantity, million'toiis. 

(3) Bhaddoah seam. Area, 913 acres ; average tliickness, 6 ft.; 
quantity, about Ilf million tons. 

The remaining seams have an aggregate thickness of 66 ft., 
but much of the coal in them is of inferior quality. 

The field is greatly dislocated by faults and traversed by numer- 
ous dykes of basalt and mica peridotite, which have destroyed many 
thousand tons of coal. The effects of these intrusions have been 
described by Holland and Saisc (864) and by Holland and Ward 
(865). They consist in a loss of bituminous matter, with an increase 
in the percentage of fixed carbon in the coal, and a disproportionate 
rise in the amount of ash, probably due to the introduction of foreign 
matter in solution. 

Analyses of the seams worked have given the following results : — 

(1) Lower seam. C~66*84 : Vol. ==24*42 ; Ash=9*ir) per cent. 

(2) Uppqr' seam. 0—60*46: Vol. —28']] : Ash- 11*96 per cent. 

(3) Bhaddoah seam. 0=61*24: Vol.=22'96 : Ash = ir)*84 per 
cent. 

The use of closed ovens for the production of coke and the re- 
covery of the valuable bye-products was advocated by Ward (1887 — 
in 1904. These have been in successful operation for some years. 
They produce about 76 per cent, of coke, and 27 lbs. of sulphate of 
amriKjnia,^ per ton of coal. 

The output of the field was about 400,000 tons in 1880, and 
amounted to 872.647 tons in ,1915. During the five years 1909 to 
1913, the average annual output was 725 ,J‘jO tons. The princi|)al 
collieries arc owned by the East Indian Bailway Lo.. and the Bengal 
Coal Co. (S, 40). 

Itkiiitri (24/" 18': 85*^ 13'). The field is about 15 miles in 
length, with an average breadth of 14 mile, hut the Barakars 
occupy only half a square mile of the area. Three seams of coal 
are exposed, from 4 to 8 ft. in thickness. The coal is of inferior 
quality, containing over 30 per cent, of asli. Hughes (888 — 8, 
321) estimated the maximum quantity available at 2 jjjiliion tons 
(S. 58). 

Karanpuka (23"^ 50': 85"^ 15'). The discovery of a seam of coal, 

3 ft. thick and extending over a wide area, near Ballia (23° 48': 85° 
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19'), was recorded by Dunbar (510 — 2) in 1841. A small portion 
of the field wa.s surve}"ed by Williams (1985 — 2, 42) in 1848, when 
ten seams, with an aggregate thichncss of 28 ft. 10 ins., were 
found. 

The field is divided by a narrow band of gueissic rocks into 
two portions. North and South Karanpura, with total areas 
of 472 and 72 'sq. miles respectively. Hughes (888 — 7), who sur- 
veyed both fields in 1871, estimated the area of the coal bearing 
rocks in the northern field at 371 sq. mile's, with an aggregate thick- 
ne.ss of coal of 35 ft. The total quantity of coal was estimated at 
8,750 million tons. Similar estimates for the southern field were : — 
Area of coal-bearing rocks, 07 sq. miles ; average aggregate thickness 
of coal, 50 ft.; total quantity available, 75 million tons. 

Analysis of the coal from a seam at Gondalpitr (23° 60' 30"; 
85° 22') gave the following result : — C--^64'5 : Vol.=27 0 : Ash--8'5 
per cent. (S. 56). 

KAitUARE.A.Ri, see Giriwii above. 

Kamgarii (23° 38': 85° 35'). This field was visited by Williams 
(1935 — 2, 39) in 1818, but the coal was pronounced to be of poor 
quality, and no details of the scams were given. A survey was 
made by Ball (71 — 2) in 1807. The total area of the field is about 
40 sq. miles. In the eastein portion the seams are generally thick, 
but of very variable quality. In the western portion the coal is of 
better quality, but the seams are cut up by faults and much ci'ushed. 
The quantity available is probably about 5 million tons (S. 56). 

Maiibhiiiu. — J hakia (23° 44': 80° 29'). Specimens of coal from 
a thick and extensive seam near Jharia were sent to the Asiatic 
Society of Bengal by Harryngton ( 775 ) in 1838. The field was 
surveyed by Hughes (888 — l) in 1865, when the total quantity of 
coal available was estimated at 465 millioir tons ; but nearly 30 
years elapsed before railway communication was e.stab]islicd, and 
the serious exploitation of what is now the most productive coal 
field in India was undertaken. 

A re-surwy of the field was made by Ward (1887 — 1) in 1892. 
The area occupied by the Barakar group was found to be 150 sq. 
miles. In this group 17 seams of coal of over 5 ft. in thickness were 
counted. The quantity contained in Nos. 12 and 13 seams was esti- 
mated at 1,277 million tons, and the nett amount available at 864 
million tons. The scams in the overlying Kaniganj group, which 
covers an area of 28| sq. miles, were considered both by Hughes and 
Ward to be valueless ; but in a summary by Grie,sbach (708—34, 14) 
or the results of a re-survey made by Stonier in 1902, it is stated that 
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two of the seams near the base of the group have been found to be 
workable. . An additional seam, No. 18, was discovered in the 
Barakar group during the progress of this survey (S. 49). 

A description of the field, and of the system of mining adopted, 
has receirtly been published by Grcenwell ( 701 ). 

The following analyses are given by Ward : — 

No. 12 seam. C=:61‘36: Vol.=:26'28: A.sh=12‘36 per cent. 

No. 13 seam. 0=59'12 : Vol. — 29'05: Ash~ll‘83 per cent. 

No. 17 seam. C=-r)7'58 : Voi.--32'19 : Ash = 10-23 per cent. 

A table of analy.scs of .sample.s selected under tlie superinten- 
dence of E. P. Martin and Prof. H. Louis is given by Holland ( 859 — 
48 ). 

The output of the field has increased steadily sijice 1894, when 
about 15,000 tons of coal were produced. The average annual 
output for the five years 1909 to 1913 was 6,852,556 tons. In 1915 
it amounted to 9,140,800 tons. 

Raniganj (23'^ 36'; 87° 8'). This is the largest of the Damuda 
valley coal fields, covering an area of about 500 sq. miles. It 
was also the first to be exploited. A colliery was opened in 1774 
at Attura, on the Barakar R., by Messrs. Sumner, Hcatly, and 
Redfearne, who obtained an 18 years’ lease of the. property ; but the 
first consignment of coal sent to Calcutta met with an unfavourable 
report, and the enterprise was abandoned (Heatly, 801 ). 

About the year 1815 the first shafts were sunk at Raniganj 
by Mr. Jones, owner of the Albion Mills, Calcutta ( 956 — 1 ). Eight 
seams of coal, including two of 8 and 9 ft. in thickness, wmre passed 
through within a depth of 88 ft. Mr. Jones at the same time pro- 
posed a scheme, w'hich was afterwards adopted, for the transport of 
coal to Calcutta by water (956 — 2, 285). 

The first survey of the field rvas made in 1842 by Homfray 
(866—1), who traced its boundaries and the course of the principal 
igneous dykes. The distinction in age between these coal measures 
and those of Assam was also pointed out. 

A report by Williams (1935 — i. 17) in 1850 gives details of the 
outcrop and quarry sections. Eighteen seams w'ere counted ia 
the lower coal measures, and thirty-two in the upper, vuth ai! aggre- 
gate thickness of 353 ft. 7 ins. of coal. 

In 1858-60 Blanford ( 148 — 7 ) carried out a complete survey of 
the field, and established a standard classification of the rock groups 
comprised in the lower Oondwana system. In the uppci', or Rani- 
ganj group, nine seams, with" an aggregate thickness of 120 ft., 
were being worked in the eastern portion of the field ; and eleven 
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seams, witli an aggregate thickness of about 100 ft., in the western. 
In the lower, or Barakar group, four seams aggregating 69 ft. in 
thickness were being worked. The course of the principal faults 
was laid down, as well as that of the numerous dykes of basalt and 
mica peridotite which are intrusive in the coal measures, and as in 
the Giridih and Jharia fields, have destroyed an immense amount 
of coal. Tlie* total quantity of coal contained in the field was 
estimated at 21,671 million tons. 

A general account of the coal fields in the Damuda valley, with 
special reference to the systems of mining adopted at several of the 
collieries, has been given b}^ Stonier (1715 — ^), who, in collaboration 
with Saise, has also published a revised map of the field (1715 — 6). 

A re-survey of the field has recently been made by a Committee 
of the Milling and Geological Institute of India, and has confirmed 
the general acciuocy of Blanford’s work (Walker, 1869 ). In the 
Barakar group seveial thick seams have been discovered during the 
interval ; but it has become evident that the seams are variable 
in thickness, and that tlie thick seams do not occur at the same 
horizon in the eastiuji and western portions of the field. Some were 
found to thin out in jiassing from east to west, and others in 
the opposite diit'-ction ; while one seam, the Sanctoria, was found to 
attain its greatest thickness in the centre of the field. 

The dimensions, etc., of the most important seams are shown in 
the following table. The quantities available are estimated on the 
assumptio]! that the seams can be worked to a distance of 2 miles 
from the outcrop ; — 


’ Quality. 

] 

Seam, | 

Average 

tJiicknetss. 

Length of 
outcrop. 

Total 

quantity 

available. 



F eet . 

Miles, 

Million tons. 


Dtshargarit . 

18 

12 

300 

Fii’st class 

(Sanctoria . , 1 

10 

2 

30 


: 

1 

15 

9 

188 


GUUSIO . . . : 

12 

3 

50 

Medium class 

Raniganj . . : 

15 

2 

40 


1 

Laik dt h -Sala NPU R . 1 
(Barakar) j 

20 

10 

270 


i 

Total . t 

1 

•• 

•• 

878 
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Analyses of 31 samples by Tween in 1877 (1880—4) gave the* 
following average result; — C=53'20 ; Vol.=25’83: Water=4'8 : 
Ash=16'17 per cent. 

A series of analyses made by Saise was published by Holland 
(859 — 46) in 1904. From these it appears that there is a progressive 
increase in the amount of moisture and volatile matter in passing 
from the lower to higher stages, with a correspondijig decrease in 
the proportion of fixed carbon. The average values obtained were : — 



— 

— 




Baraka K. 

Ranioanj 
lower seams. 

Raniqanj 
upper seams. 







Per cent. 

Per cent. 

Per cent. ' 

Water 


. 


. 

. i 

1*00 

3-76 

0*82 

Volatile matter . 


. 

. 


. i 

25*06 

31*51 

3218 

Carbon 

. 

. 

. 

. 

• 

66*22 

49*67 

44*70 

Aeh . . . 

• 

• 

* 

• 

1 

1 

* i 

16*75 

16*05 

10*24 


Tlic following calorific values have been obtained by Hughes 
(885—3) 


— 

Calculated. 

By experiment. 


Calories, 

Calorie^. 

A. Rakiganj (22 samples) • . . , 

0,835 

6,767 

B. Barakar (3 samples) 

7,571 

7,348 


The coals determined had the following average composition : — 

A. C=53-42 : Vol.=32-16 : Water--=4-7() : Ash-9-66 per cent. 

B. C-64-05 : Vol.-24-76 : Water-1-66 : Ash-9-54 per cent. 
(S. 43). 

The following statistics of output have been published at various 
periods : — 

1815-23. Herbert (887 — 4). Average for 9 years, about 400 
tons. 

1832. Johnston (947—1, 317). From 10,000 to 14,000 tons 
annually. 
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1868-60. Blanford (148 — 7, 183). Average for 3 years, 281,995 
tons, from 42 collieries. In 1910 the number of collieries had 
increased to 206. The average annual output for the five years 1909 
to 1913 was 4,566,198 tons. In 1915 it amounted to 5,484,596 tons. 

Palaraaii.— A xtrtjnga R. (23° 49'; 84° 20'). This field was sur- 
veyed in 1878 by Ball (71 — 32, 55). The total area is 97 sq. miles ; 
but workable coal is confined to the rocks of the Barakar group, 
which cover an area of 58| sq. mile^. The sections exposed show 
numerous seams of coal and carbonaceous shale, but only three are 
worthy of consideration. The total quantity of coal contained in 
these was estimated at 20 million tons. 

The quality of the coal is poor. The average values obtained 
from 7 samples were : — C— 36‘5 : Vol.=29‘2 : Water— 6'7 ; Ash— 
27'5 per cent. (S. 58). 

Daltonoanj (24° 2': 84° 7'). Coal of poor quality was dis- 
covered on the Amanat R. near Singba (24° 7': 84° 6') by Franklin 
(616 — 6 ; — 6) about the year 1829. An attempt was made in 1840 
to open up the seam, when about 35 tons were extracted and sent 
to Dehri-on-Son (Ravenshaw, 1461 — i). 

The prospects of exploiting the field were discussed by Tytler 
(1824-2) and Sage (1541) about the year 1840, and collieries were 
soon afterwards opened by the Bengal Coal Co. at Rajhara and 
Pandua, on the northern edge of the field. Brief accounts of the 
operations of the Company have been given by Smith (1655 — i, 80) 
and Thompson (1771 — 2, 11), Considerable quantities of coal are 
said to have been extracted and sent down to the towns on the 
Ganges during the rainy season. 

In 1872 the field was fully surveyed by Hughes (888 — 9). The- 
total area is about 200 sq. miles, of which only 30 sq. miles are occu- 
pied by the Barakars. The seams exposed near Singra were found 
to vary both in thicknes.s and quality ; but the one which had been 
worked near Rajhara, with an average thickness of 6 ft., was estimated 
to contain 11,600,000 tons of useful coal. 

Grant (693) gives sections of two borings put down on the JiNJor 
R. in 1883, and estimates the quantity of coal in the field at 23 
million tons. A much higher estimate, amounting to no less than 
161,377,000 tons containing 11'7 per cent, of ash, was made by 
Saise as the result of a partial exploration in 1890. 

A series of borings put down in 1891 by the Public Works Depart- 
ment showed that although two distinct seams occur over nearly 
the whole of the area, the coal is for the most part of such inferior 
quality that only a very small proportion is of economic value. It 
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was estimated that about 9 million tons of fair quality might he 
obtained irom an area of one sq. mile near Rajhara (La Touche, 

1034 - 18 ). 

Analyses of 2 samples from the Rajhara seam gave the following 
average result : — C— ‘IQ’S? : Vol. —27*63 : Water:::^8*4() : Ash“44'60 
per cent. 

Railway communication with the field was opeiiicd in 190L The 
average annual output for the five years 1909 to 1913 was 79,442 
tons. In 1915 it amounted to 85,785 tons (S. 59). 

Hutar (23" 50^: 84" 7'). One of Rennells maps ( 1473 — 1 , 
No. VIII), published in 1781, contains the legend ' Cole mine ’ in 
the approximate position of this locality. Sage in 1830 discovered 
a seam of good coal, 3 ft. 9 ins. thick, on the Gttorasan R., a tributary 
of the Koei (Franklin, 616 — 0, 219). 

Ball (71 — 32, 91) made a complete survey of the field in 1878. 
The total area was found to be about 78 sq. miles, of wliich 57 sq. 
miles are occupied by the Barakar group. Three seams of useful 
coal were met with, measuring from 8 ft. to 13 ft. 8 ins. in thickness ; 
but the area over which they extend could not be ascertained, and 
it was not found possible to make any reliable estimate of the quan- 
tity available. 

The coal is said to be of average Indian quality. The average 
composition of 8 samples was: — C— 55*35 : Vol.-— 28*0 : Water= 
5*95 : Ash— 10*7 per cent. (S. 59). 

Santal Parganas. — In the course of a geological survey of the 
Rajmahal hills, carried out in 1869-70, Ball (71 — 26, 179) examined 
tlie outcrops of coal known to occur in that area. A list of the seams 
exposed, with particulars of their thickness and quality, is given on 
pp. 230-235 of his memoir. The area over which the coal bearing 
Damuda rocks are exposed extends along the western border of the 
hills, and was estimated to cover about 70 sq. miles. It is not 
known how far these rocks extend eastwards, where they are con- 
cealed by thick flows of basalt. The total quantity of coal available 
over the exposed area, assuming the existence of a seam 5 ft. in thick- 
ness, was estimated at 210 million tons. 

A general account of the coal fields in these liills had previously 
been given by Oldham (1326—6, 275). 

Tlie following coal fields situated in the . district have been 
described : — 

Brahmtni R. (24" 17': 87" 32'). Discovered by Pontet in 1838. 
Some coal was raised but was of poor quality (Ball, 71 — 26, 182). 
Analysis : — C— 38 : Vol, =42 : Ash=20 per cent. 
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Chaparbhita (24° 47': 87° 29'). Discovered by Sherwill in 
1851 (1626 — 9, 573). Seams of 6 ft. and 4 ft. occur, but were not 
considered to be worth working. 

Dubraji'UK (24° 25': 87° 32'). Sherwill (1625 — 9, 598) describes 
seams from 1 ft. 2 ins. to 3 ft. in thickness, but according to McClelland 
(1117 — 39, 44) none is of workable quality. 

Gxluukria (24° 51': 87° 28'). Two .seams 6 ft. and 3 ft. thick 
respect! velj^ were found by StuaT't (1723 — i) in a small patch of 
Damuda rocks. Analysis : — C~;39'()7 : V'ol. — 30'94 : Water==^-7'46 : 

Ash “21 '92 per cent. 

Hura (24° 59': 87° 27'). Several seams occur, but are of poor 
quality. About 40,000 tons of coal were exti'acted in the years 
1859-1)0 (Oldham, 1326 — 52, 149). Borings put down in 1890 (King, 
987 — 40, 3) failed to detect the presence of good coal (Ball, 71 — 26, 
194). 

Jainti (24° 10': 86° 46'). Area of Barakar rocks about 5 sq. 
mile.s. Scams of coaly .shale occur, none over 3 ft. thick (Hughes, 
888—4, 249). 

Kundit Kar.ma (23° 58': 87° 13'). Area of Barakar rocks about 
1| sq. ]niles. Two seaims occur, one of 1 ft. 2 in.s. containing fair 
coal (Hughes, 888—4, 254). 

Pachwara (24° 30': 87° 28'). This wa.s considered by Oldham 
(1326 — 6, 275) to be the most promising of the Rajmahal coal 
fields ; but Ball (71 — 20, 187) says that the beds are so disturbed, 
and the area so small, that they can never pi'oduce any consider- 
able amount of coal. The quality also is very poor. 

Saiiajore (24° 8': 86° 54'). Area covered by Barakar rocks, 
about 5 sq. miles. Sections few and imperfect. Samples analysed 
by Waklic contained 37 per cent, of ash (Hughes, 888—4, 253). 

The average composition of 13 samples of coal from various 
localities in the Rajmahal hills was found to he: — C=42'13 : Voh — 
39'50 : Ash=18'37 per cent. (S. 38). 

Talcher. — Talcher (20° 57': 85° 18'). A discovery of coal on 
the Talchcr estate in Cuttack was reported in 1827 (35 — 17). Sub- 
sequently, in 1837-39, Kittoc announced ( 994—1 ;— 3, 1062 ;— 4, 
141) the discovery of coal seams on several of the streams flowing 
into the Brahmini R. One seam, 18 ins. thick, was said to be of 
fair quality. 

In 1855 the field was surveyed by W. T. Blanford, H. F. Blanford, 
and Theobald ( 150 ) with disappointing results, summarised by 
Oldham in the first paper published in the Memoirs of the Geological 
Survey (1326 — ^^ 10 ). The total area of the field was found to be 
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about 700 sq. miles. A thick seam at Gopulpersad (20° 58': 85^ 
6'), favourably mentioned by Samuells (1550), was found to consist 
of carbonaceous shale, with strings of coal not more than 3 ins. in 
thickness : and no seam of workable coal was met with elsewhere. 
A brief description of the field was afterwards given by W. T. 
Blanford (148— 35, 63), who suggested sites for borings ; but no further 
action appears to have been taken. * 

Specimens of tlie coal eA’amined by Piddington (1405 — 07) were 
found to contain over 30 per cent, of ash (S. 37). 


BOMBAY. 

Ciitch. — Bhuj (23° 15'; 69° 44'). The occurrence of a bed of 
lignitic coal near Bhuj was noted by Maemurdo in 1818 (1145 — l, 
209). Borings were put down near Sisaoadh (23° 6'; 69° 24') in 
1834 and 1835 by Grant ( 691 — 1;— 2;^ — 3, 293) in the hope of 
finding workable seams, but without success. An attempt was 
made to work a bed of coal at Tuomuow (Trambau, 23° 19' 30": 69° 
48') but the seam was only 16 ins. thick, of which only half was 
good coal (Blanford, 148 — 15, 23). 

The coal is of Jurassic age. According to Wynne (1975 — 8, 58; 
— 11, 86), the scams thin out rapidly, and there is no prospect of 
obtaining useful coal either from these beds or from the overlying 
'Tertiary rocks, among which thin layers of coaly shale also occur (S. 61). 

Kathiawar.— Than (22° 34' 30" : 71° J. 5' 30"). Black carbonaceous 
shale with thin strings of coal near this place have given rise to reports 
of the occurrence of coal in the province (Fcdden, 569 — 6, 82, 133). 
The deposit is of no value as fuel (S. 61). 

Siud. — Lainyan (25° 40'; 68° 13'), Coal was found in a shaft 
sunk at this place, at a depth of 64 ft. from the surface, in 1857 
(Phillips, 1400). The seam Avhen opened out was 5 ft. 9 ins. thick, 
but according to Blanford (148 — 14, 13) it thins out rapidly in all 
directions, and was soon exliausted (S. 60). 

BURMA. 

Blianio.— Mitiiwe (24° 5'; 96° 59'). This field was examined in 
1896 by Hayden {see Oldham, 1321 — 62, 6). Coal occurs in thin seams, 
the best of which is 2 ft. 8 'ins. thick, but is shaly and poor. The 
beds (Tertiary) are highly disturbed and crushed, and penetrated 
by igneous intrusions (S. 74). An output of 25 tons of coal is re- 
ported for the year 1915. 
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Chindwin (Upper). — Kal]& R. (2T 11': 94° 20'). Two specimens 

of coal said to have come from the Chindwin R., were examined by 
Piddington (1405 — 64) in 1854. One of them is described as an 
excellent steam coal, containing: — C === 67-85 : Vol. —26-50 : Water 
=4*25: Ash=l*40 per cent. The other is called a jet coal, and con- 
tains 23*40 per cent, of ash. 

A section on tiie Kale R., above its confluence with the Chindwin, 
was examined by Jones (952 — 4, 172) in 1887. Ten seams were 
found in an area of a square mile, all of which, except one 10 ft. 
thick, were considered to be useless. A more detailed survey by 
Noetling (1311 — 14) showed that the field has a wide extension. 
The coal measures occupy the valleys of the Nantahin, Peluswa, 
Maku, and .Telong streams, to the N. of the Kale, for a distance of 
55 to 60 miles. In the Maku valley the aggregate thickness of 
coal available was e»stimated at 24 ft. The Nantahin-Peluswa tract 
which was more thoroughly surveyed, was found to cover an area 
of about 25 sq. miles, with a total thickness of coal of 48 ft. Assum- 
ing that this could be worked to a depth of 1,000 ft. from the out- 
crop, the total available yield would be 210 million tons. 

The field has not yet been developed. In the course of pro- 
specting operations 1,222 tons of coal were extracted in 1906 from 
a 10 ft. seam exposed on the Kale R. near Kalewa (861, 67). 

The average composition of the coal, as shown by 13 samples, 
is: — C=49*95 : Vol. =34*59: Water=10*14 : A8h=5*30 per cent. 
(S.72). 

Ileiizada. — Three occurrences of coal in this district have been 
described by Romanis (1511 — 5) and Stuart (1723 — 9, 254). The 
localities are : — 

IIlemauk (17° 50': 95° 6' 30"). Outcrop of coal about 20 ins. in 
thickness. The quality is very poor, owing to a large percentage of 
iron pyrites. The seam apparently extends for several miles to the 
south, to KviniN, but consists only of carbonaccoiis shale. 

Kywezin (17° 58' 30": 95° 9'). Seam at the outcrop about 10 ft. 
in thickness with a high easterly dip. The beds are much faulted 
and contorted, and ihe coal is greatly crushed. Analyses show a 
high proportion of fixed carbon. Average of 3 samples : — C=74*44 : 
Vol. =17*59 : Water=l*68 : Ash=6*29 per cent. 

Practical tests gave disappointing results : for though it was 
found to be an excellent smithy coal, a dull pressure of steam could 
not be "kept up in the boiler of an engine. 

PosuGYi (18° 10': 95° 7' 30"). The seam at the outcrop varies from 
6 to 20 ins. in thickness. The outcrop is close to a main fault and 
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the b^a are greatly contorted. Analysis : — G=69'65 : Vol.— 18'21*: 

Water=6‘3C : Ash=5'78 per cent. (S. 64). 

Hatha. — P inlebu (24° 5' ; 95° 24)'. Several outcrops were found 
by Noctling (1311 — 18, 120) in this neighbourhood. Most of them 
are too thin or too poor in quality to be of value. The best occurs 
near Yuyinbyet, S. of Pinlebu, and is 4 to 5 ft. thicks Analysis : — C-- 
52'22 : Vol.--34'24 : Water— 6'CO ; Ash-.7‘04 per cent. (S. 74). 

Hyaukpyii. — C.\P I. (19° 26': 93° 31'). A discovery of coal. hero 
attracted some attention in 1841-42 (8piy, 1687—6, 144 ; Hinton, 
838 ). The seam is said to be very irregular, and to dip at a high 
angle. It was evidently of no economic value. 

Cheduba I. (18° 50': 93° 40'). Mallet ( 1159 — 14 , 209) describes 
a scam, 2 ft. 6 ins. thick, near Paei.ang Roa, in the southern part 
of the island. The coal was very brittle. A scam mentioned by 
Halstead (742, 23) as occurring near the coast in the Tangroa circle 
is merely a carbonaceous sandstone (S. 68). 

Kamki I. (19° 5': 9.3° 50'). In 1833-34 the discovery of coal at three 
localities in the island was reported by Foley ( 595—1 2). The 
seam at one of these, Synkyaung near Kyaukpyu, is stated by 
Prinsep (1436—16) to be from 6 ins. to a foot thick. Analysis : — 
C=67'0 : Vol.=29 0 : Ash— 4'0 per cent. 

In 1878 all the known outcrops were examined by Mallet (1159 — 
14 ). The occurrences mentioned by Foley were found to be mere 
nests or lenticular seams of lignite. A true seam, 6 ft. thick, 
was found near Tsetama (18° 57': 93° 56'), but with a high dip 
and of small extent. The coal is very soft and friable. Analysis : — 
C:=38-4: VoI.:^28-9: Watcr---14'6 ■■ Ash=--18-1 per cent. (S. 67). 

Mergui. — The existence of coal on the Great and Little Tcuasserim 
rivers was brought to notice by Heifer (808 — 3 ; — r>, 36) in 1838-39. 
On the latter river he described outcrops of a seam 6 ft. thick, e.xposed 
at several places near Tsingkoon (12° 1': 99° 6'), and estimated the 
total quantity available at 3,600,000 tons. He considered the coal 
exposed on the Great 'lenas.serim R. to be of no value, but in a later 
paper ( 808 — 4 ) he mentioned an outcrop at Ta-tiie-xa (? Iuatay- 
K.YAUNG or Tendau, 12° 20': 99° 10'), showing over 6 ft. of coal of 
fair quality, though much contaminated by pyrites. A scheme for 
working the coal was proposed by Hutchinson ( 899 ), and in 1840 pro- 
specting operations were undertaken by Government (Cullen, 397 — 
3; 'Iremeuheere, 1802 — 6 ). A considerable quantity of coal appears 
to have been raised ; but the loss of a vessel laden witli Mergui coal, 
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frhrough spontaneous combustion of the cargo, led to the abandon- 
ment of the mines (O’Riley, 1340 — 3 , 738). 

In 1856 most of the outcrops were visited by Oldham ( 1826 — 13 ). 
Ihe thickness of the seams at Tsing-koon is said to have been ex- 
aggerated, but two seams of 2 ft. and 3 ft. were found, containing 
coal of fair quality. On the Great Tenasserim seams of 6 ft. to 17 ft. 
6 ins. in thickness,wcre met with at three localities. The quantity avail- 
able was estimated at 19,360 tons per acre over an area of 4 sq. miles. 

Some years later the prospects of re-opening the mines at Thatay- 
Kyaung were discuissed by Harrison (774) and Fryar ( 625 — 4) ; but 
no further steps were taken till 1892, when Hughes ( 888 — 32 ) re- 
ported on a seam 12 ft. thick, including 7 ft. 7 ins. of good coal, on 
the Hti-phan-ko stream, a tributary of the Great Tenasserim N. 
of Kamapying (12° 27'; 99° 8'). 

In the following year, Bose (173—18) carried out a detailed 
survey of the field, to which the name Tendau-Kamapying was given. 
Coal was found in beds both of Carboniferous and Tertiary age, 
but that in the former is said to be of no value. The Tertiary coal 
measures cover an area of about 30 .sq. miles ; but the outcrops 
examined are restricted to the neighbourhood of lendau and Kama- 
pying respectively. In the Kamapying area a seam with an 
average thickness of 15 ft. was found to extend for about three 
quarters of a mile, and the quantity available within a vertical 
depth of 200 ft. was c.stimated at 600,000 tons. In the Tendau area 
the average thicknc.ss of the .seam was taken to be 4 ft., and the 
quantity available within the same vertical depth Avas estimated 
at 380,000 tons. 

The following analyses of the coal have been made : — 

Tsing-koon. C=50-3 : Vol.— 49-7 : Ash=--8-5 per cent. 

Ka.m.vpy]ng. C=44-24 : Vol.^So'OS : Water=10-40 ; Ash=4-28 
per cent. 

Practical tests of the Tendau coal, carried out by Johnston 
(947—2) in 1839, are said to have given satisfactory results, as 
compared wdth Raniganj coal (S. 61). 

Lknya R. (11° 25': 99° O'), A-tong-wo, An outcrop on the 

Phlia stream, 8 miles above Lenya, was described by Oldham (1326 

1 . 3 ). The .seam is very irregular, varying from 1 ft. to 2 ft. 6 ins. in 
thickness. The coal ignites with sojne difliculty, but can be obtained 
in large solid masses. It contains numerous lumps of amber-like 
resin (S. 64). 

Pakukku. — Y.aw R. (21° 18'; 94° 20'). This field was surveyed 
in 1914 by Cotter and Sethu Rama Rau (372—11). Tbe coal seams 



COAL. 


occur in the lowest subdivision of the Pegu series, and are of Mioccn« 
age. Outcrops occur in two main areas : — 

1. Letpanhla field. Numerous seams are exposed, and have 
been examined for a length of about 1| miles. The main seam was 
found to be from 5 to 6 ft. thick, but it contains numerous partings 
of shale. 

2. Tazu field- Three fairly good seams are e}^f)osed in places, 
but the thickness varies considerably. The lowest seam is 7 ft. 
thick at one point, but contains freqneiit partings of shale. The 
highest seam increases in thickness from north to south, but does not 
contain more than 2 ft. 7 ins. of coal. 

The coal contains a high percentage of moisture. Analyses of 
22 samples gave the following average composition : — C =^^35*86 : 
Vol.=34’15 : Water=18‘73 : Asli~l 1*28 per cent. 

Shan Slates (N.). — The coal measures of the Northern vShan 
States occupy a series of detached basins grouped around the base 
of Loi Ling, the loftiest mountain in the States. The beds in which 
the coal is found are probably of lacustrine origin, and of late Tertiary 
age (La Touche, 1034 — 45 , 309, 367). The following areas have been 
examined : — 

Lashio (22^ 56': 97"^ 47'). The coal field lies in the valley of the 
Namyau K., about 5 miles to the N. of the town. It was visited 
in 1891 by Noetliiig, who recorded the existence of sevei'al outcrops 
(1311 — 4 ) indicating the presence of a seam extending for about 
2 miles, and in one place at least 30 ft. in thickness. 

In 1904-05 the field was surveyed by La Touche and. Simpson 
(1037), and at the same time some prospecting work was undertaken 
by the Burma Railways Co. The area of the field is about 50 
sq. miles, but the coal is exposed only along its southern edge, in 
the bed of the Namyau and the streams which join it from the 
north. Coal was found in seven places, varying in thickness from 
a foot to 33 ft.; but it was not found possible to say whether a con- 
tinuous seam exists or not, or to make any estimate of the total 
quantity available, on account of the lenticular character of tha 
seams opened up by the excavations. 

The coal is a brownish black lignitic variety, with a distinctly 
woody texture, and on exposure to the air it quickly breaks up into 
small cliboidal fragments. On trial it was coiidemncd as a locomotive 
fuel. Its average com[)osition, as shown by analysis of 6 samples, 
is C==.31*08 : Vol.::=^35*63 : Water-20*G5 : Ash‘-12-64 percent. 

(S- 70). 
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• Man-sang (22° 26': 97° 58'). Surveyed by Simpson (1640 — 6, 
144) in 1905. The area of the field is about 13| sq. miles. Numerous 
outcrops were found, but none exceeds 4 ft. 6 ins. in thickness. 
The coal is a hard shaly lignite, disintegrating rapidly on exposure 
to the air. Average analysis (6 samples) 0^36*32 : Vol.^35T3 : 
Water-14'23 : A8h-14;32 per cent. (S. 71). 

Man-se-le (S2° 40': 98° 10'). Surveyed by Simpson ( 1640 — 6, 
152) in 1905. Total area about 13^ sq. miles. Coal was found in 
six or seven places, but tliere appears to be only one seam of workable 
coal, of small average thickness. A sample from a scam 3 ft. 2 ins. 
thick yielded on analysis :—C— 34*22 : Vok— 38*83 : Water — 14‘73 : 
Ash— 12-22 per cent. (S. 71). 

Namma (22° 42': 97° 52'). This field was visited in 1891 by 
Noetling (1311 — 4, 116), who thought that- he could detect the 
presence of ten seams, each of which was not less than 5 ft. thick, 
containing coal of exQellent quality. 

A thorough examination of the field was carried out by Simpson 
( 1640 — 0, 125) in 1905, when the most promising seams were proved 
by excavation. The total area of the field is about 50 s(|. miles. 
Only two seams of economic importance were found. One of these, 
varying in thickness from 7 to 17 ft. was traced for a distance of 
about half a mile near Namma. The other, exposed near Mong- 
TiNO, about 5 miles to the N. E. of Namma, has a maximum thickness 
of 5 ft., but quickly thins out, and is of inferior quality. It was 
estimated that the Namma seam would yield about half a million 

tOllvS. 

The coal is somewhat harder than that of the Lashio field, but 
becomes brittle when dry. The average composition of 5 samples 
C- 38-81 : Vol.-36'90 : Water-lC-58 : Ash-7-71 per cent. 
(S. 70). 

Wet WIN (22° 5' 30": 96° 38' 30"). Three outcrops of coaly 
material, situated 9 miles to the east of the Mandalay-Lashio rail- 
way at Wetwin, were examined in 1914 by Coggin Brown {see Middle- 
miss, 1219 —31. 112). The age of the. coal could ]U)t be determined, 
but it resembles the Tertiary coal of Lashio iu composition. It has 
a dull black colon”, and quickly crund)lc3 to powder on -exposure 
to the air. Ko estimate of the quatitity available is possible without 
e.xcavations or borings. Average analysis (3 samples) : — C— 33'69 : 
Vol.— 38’38 ; Water— 16‘39 : Ash— 11 '61 per cent. 

Sliau Sla<e.s (S.). — Leg.\u.\'g (20° 50': 96° 33'). A thin seam of 
coal is mentioned by Jones (952 — 4, 188) as occurring here and at 
Titpalwigon, about one mile distant. The coal is very powdery 
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and poor quality . Average analysis (2 samples) C'-^:70*43 
Vol=12’50 : Water ^2 ‘08 : Asli~]4*99 per cent. (S. 69). 

Panlaung R. (21^ 5': 96^ 20'). This field was surveyed by 
Jones (958 — 4, 177) in 1887. Total area, from 150 to 200 sq, miles. 
Niinieroiis groups of outcrops occur, but tlie seams are all thin and 
irregular, and none holds out any prospect of being workable. 
The beds are highly disturbed, and the coal greatly crushed. 
Average analysis (8 samples) : — 0^05*81: Vol. ^-16*86 : AVater™4‘82 : 
Ash=^13‘01 per cent. (S. 69). 

PwEHLA (20^^ 61': 96"^ 43'). A seam of shaly coal, varying from 
7 to 11 ft, in thickness, has been described by Jones (952—4, 189) 
as occurring at Ngu or Ngotko-yaygi, 7 to 9 miles to the N. W. 
of Pwehla. The seam contains a large quantity of pyrites. Middle- 
miss (1219 — 22, 149) describes the seam as consisting of graphitic ^ 
shale, of no value as fuel (S, 69). 

Thamakan (20"^ 42': 96^ 42'). A seam at Po-pyu, 8 miles to 
the S. W. by S. of Thamakan, has been described by Middlemiss 
(1219 — 22, 150). At one spot it is 3 ft. thick, and seems to be 
fairly continuous along the strike. The coal appears to be very 
good, but friable (S. 70). 

Sliwebo. — Kabwet (22^^ 44': 95"^ 59') or Titingadaw^ (22^ 57': 
96^ O'). In 1855 Oldham (1326 — n, 332) described outcrops of 
coal at three localities in the neighbourhood of Tliingadaw on the 
Irrawaddy. Iheso were: — 

Tembiung. Seam 4 ft. thick, including 1 ft. S ins. of coal of 
poor quality. 

Kj’biung stkeam, 5 miles W. of Thingadaw. Seam 5 ft. 6 ins. 
thick, including shaly layers, (dal flaky and woody with much 
fossil resin. 

Locality 8 miles N. W. of Tuingadaw. Scam about 4 ft. thick, 
exposed for about 200 yards. Coal hard and jetty with miicli resin. 

Coal was being mined at Letkobest and Ketzubin, near Kabwet, 
when Anderson visited the locality in 1870 (29 — 2, 198). The seam 
worked was about 6 ft. thick, but mucli of the coal was of poor 
quality. IGng {Records, 6r. S, XXVII, 33), after an inspection of 
the held in 1894, considered that the area over which coal of good 
quality occurs is very restricted, and thought that the quantity 
available would not be more than 150,000 tons. The output of the 
mines was then from 10,000 to 15,000 tons anmiaily. It reached a 
maximmn of nearly 23,000 tons in 1896, but after considerable 
fluctuations the mines were closed in 1904. 
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A representative sample from Lktkobin has the following com- 
position : — C--36‘22 : VoI.:=^37’f)8 : Water=^ir94 : Ash=14*16 pei 
cent. (S. 71). 

Tliayetiuyo. — Kvauk-kalA (19° 27': 94° 44'). A bed of car- 
bonaceous shale, containing a one-foot seam of hard bright coal, is 
mentioned by'^' Theobald (1763 — iti, 342). The seam has a very 
high dip, and is probably worthless. This occurrence is also men- 
tioned by Banking ( 1458 , 57). 

TuAyimiYo (19° 19': 95° 14').' An outcrop of coal on the ‘Lime 
Hill,' about 5 miles to the H. of Thayetniyo, was discovered in 1855 
l)y White ( 1921 ). On examination in the same year by Oldham 
( 1326--1 4), the seam proved to be very irregular in thickness, 
deci'easing from about 4 ft. at the r>utcrop to about 20 ins. withiji 
14 ft. fr{)m the surface. Subserpient ex])loration confirmed the 
opijiion tlien expressed that the deposit is of little value (liomanis, 
1511 - 9, 150). 

A sam()le of the coal analysed by Piddiiigton (1405—75) gave 
t li e f ol 1 0 w i n r es u 1 1 : — 0 t i 1 * 1 0 : V < > I . - - 3(.) * 2 5 : AAa t er - - 2 * 5( ) : A s h 
— 3-15 per cent. Trials carried out in 1855 by Jones ( 954 ) showed 
that it com])ared favourably wit'i Jianiganj coal (S. 65). 

CENTRA! INDIA AdENCY. 

Kewiih. — JoiiTLLA B. (23° 24': 81° 5'). The occurrence of frag- 
ments of coal in the Johilla B. was notcal in 1810 by Spilsbury 

( 1684 - fo, 901). In 1881 a s<M‘,tion in the bed of the river near 
]k\LJ was descj’ihed by Hughes (888 — 24, 127), who afterwards made 
a detailed survey of tlie field (888—29, 1G9). 

The coal measures are exposed in two separate tracts. The 
southern has an area of dj s(j. nnles, but no indications of a work- 
able seam were found in it. The area of the northern tract is 111 
sq. miles. Borings proved the existence of at least two seams, 17 ft. 
and 6 ft. thick respectively, at two localities. Tlie quantity of coal 
available was estimated with some reserve at about 100 million tons. 

Analyses of 3 sanijiles of the coal gave the following average 

result: — 0^54*43: Vol.:-^34'85 : Ash — 10*72 per cent. (S. 77). 

Korar (23° 38': 80° 56'). Surveyed by Lala .Hira Lai (see 
Hughes, 888—29, 165) iu 1882. Total area 9| sq. miles. Lew 
outcrops were found, but a boring at Jawala Mukhi, between 

Korar and Kotalwar, proved the existence of four seams, 8 ft., 

4 ft., 4 ft., and 7 ft. thick respectively. A sample from one of the 
outcrops yielded on analysis: — 0 65*48 : Vol.=::;12*56: Water=5'04 
Ash=^16-92 per cent. (S. 77). 
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SiNGRAULi. A discovery of coal near Kota (24^ 6': 82® 45') 
ms reported by Wroughton (1974) in 1840. Prospecting pits were 
opened and a seam about 4 ft. thick, with several bands of bituminous 
shale, was proved. The workings were still being carried on in 
1855-57, when reports on the held were made by Roberts (1492) 
and Smith (1655~-2). The latter mentions the occurrence of a 6 
ft. seam at Nawa Nagau, 6 miles to the S. W. of Kota, and of a 
(piarry at Padri, about 12 miles further west, in a scam 21 ft. 
thick. 

Griesbach (708 — 117) records the discovery by Oldham of 
two seams, 6 ft. and 5 ft. 6 ins. tlnV.k respectively, near Amlia (24® 
2': 82® 29'). The area of the held is said to be about 200 sq. miles. 

The average composition of two specimens obtained by Wroughton 
was: — Vol. -4,‘k25: Ash- 200 ])er cent. Analyses of 
the (?oal discovered by Oldham are said (1324— r>2, 4) to Iwive given 
poor results (S. 79). 

8onA(;puR (23® UV: 81® 25'). This is the largest of the Rewah 
eoal fields, (covering an area of nearly 1,000 sq. miles. A seam near 
t.he junction of the TrPAN stream with the Son, 2>0 miles to the S. K. 
of Sohagpiir, was discovered by Franklin (616“*"*<h 218) in 1830. 
Several (>utero))s of seams over 5 ft. in thiekness were described by 
Ifuglies (888 — 310) in 1881. and a detailed aee.ount of the field 
was published in 1885 ( 888 — 177), Numerous outcrops, a list 
of which is given at p. 230 mj. of the nnunoir, were observed, but 
the number of seams that contain iis(4ul <a)al is not large. The most 
imp(jrtant is about 5 ft. in thiekness, and was tiacad from its appear- 
anee near Bargaon (23® 11': 81® 40') for a dista]ic(^> of about 10 miles. 
This seam was more recently (‘.xamin(d by Re.uder (1466-”'2), and 
found to vary in thickness from 13 ft. 8 ins. to 4 ft. 8 ins. An average 
analysis of 3 samples gave: — G - 57*7 : Vol.^2G’4 : Water - 3’7 : 
Ash- 12'2 per cent. Other promising seams (examined were: — 

Nanonak (23® 20': 81® 32'). Three seams, 5 ft., 4 ft. 0 ins. 
and 3 ft. 0 ins. thick resp( 3 ctively. Traced oviir a large area. 
Analysis (average of 2 samplers): — (' -024)9 : Vol.-~25’20 : Ash™, 
12*11 per cent. 

Rkat;muri (23® 11': 82® 9' 30"). Seam 7 ft. 2 ins. thick; exposed 
for a mile and a half. Analysis : — 0—59*0 : Vol,-~-28’2 : Water - 
0*7 : Ash--“5*5 per cent. 

Sabo (23® 14': 81® 39'). Seam 4 ft. 3 ins. thick. Analysis:— 
C=^60*8: Vol.-21-4: Water-l O: Ash-1()*8 per cent. 

No estimate of the quantity of coal available has been made, but 
since the dip of the strata is low, there is no doubt that a very large 
amount can be obtained within a moderate depth (S. 78). 

93 G 2 



COAL. 


Umaria (23^ 32': 80^ 51'). Spilsbury in 1840 (1684--10, 901) 
noted the ocoun’ence of coal on the Umrar 11 , near Umaria. The 
field was surveyed between 1881 and 1884 by Hughes, and at the 
same time prospecting operations were undertaken, the progress of 
which was noted from time to time in the Geological Survey Kecords 
(888™24, 314; — 2r ) 27 ; 28). Tlie final resiilks were embodied in 
a memoir (888^29, 154, 211). 

The exposed area of the field is 6 sq. miles. Seams aggregating 
20 ft. in thickness wore proved over an area of 4 sq. miles, and the 
amount available in this portion of the field uas estimated at 55 
million tons. Subse({uent mining work has proved the existence 
of six seams, four of which, varying in tliickness from 3 ft. to 12 ft., 
are being worked. 

The first shafts were sunk in 1884, when the output was 1,600 
tons. For about 20 years it steadily increased to a maximum of 
193,277 tons in 1903; but since then it has been subject to consi- 
derable fluctuations, owing to the opening up of coal fields more 
readily accessible to the Great Indian Feninsula Railway, the 
principal consumer. The average annual output for the five years 
1909 to 1913 was 138,870 tons. In 1915 it amounted to 139,680 
tons. 

A representative sample froTii the seam originally worked yielded 
on analysis :—C-66'71 : Vol.-19*7l : Water- 5-46 : Ash-8-12 per 

ceut. It is, however, said that the coal won in recent years is not 
up to this standard. Steam trials of a consignment of coal from 
tlm outcrop, recorded by Hughes (888 — 29, 216), are said to have 
given very satisfactory results (S. 75). 

CRNTRAL PROVINCRS. 

Betul. — L okartalai (22*^-' 22': 77^ 30'). A band of shale exposed 
on the Moran R., (containing a seam of bright coal 4 ft. thick, is 
mentioned by Mcdlicott (1197 — 22, 68). The seam contains much 
shale and iron pyi-ites. Borings to depths of 251, 84, and 88 ft. failed 
to find coal (S. 92). 

Sharur (22"^ 12': 77'^ 58'). This !i(4d is situated in the valley of 
the Tavva R. betwuien Betul and Iloshaiigabad. It has an exposed 
area of about 26 sq. miles. Thin seams of coal were noticed in the 
Bhora stream by Fijinis (584--1 ; ™2, 73) in 1831. About the 
yit^ar 1848, seams were discovor(Hl at Soxada (22^ 16': 77^^ 52'), and 
Maroanpcjr (22^^ 14': 78^ O'), the thickest measuring 20 ins. and 2 
ft. 6 ins. respectively (Jacob, 923 --], 185 ; Johnston, 949 ). Samples 
of the coal tested at Bombay are said to have given good results 
(Titipey, 905 — 1 , 15), and an attempt was made to transport a 
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consignment from the Souada seam in country boats down thc 
Narbada to Broach ; but ne.arly half the coal was lost on the 
voyage, and the experiment does not appear to have been repeated 
(Hamilton, 748 — 2 ; Fenwick, 571). 

The outcrops were examined in 1803 by J. Gk Medlicott (1199—3, 
154), and again in 1868 by lUanford (148—18). Although numerous 
seams were found, the thickest measured only 4 ft., and in both 
cases the opinion expressed was distinctly unfavourable. A com- 
plete survey was made by IT. B. Medlicott (1197—38) in 1875, and 
on his advice several borings were put down. None of tliese, how- 
ever, succeeded in provijig coal of better (juality than that seen at 
the outcrop (S. 93). 

KUaspur.— K orba (22^^ 2i.': 82' 40'). This field is situated in 
the valley of the llasdo B., and covei‘s an area of more than 300 
s<}. miles. In 1870 Blanford (118-24) described an outcrop near 
Korba, exposing 50 ft. of coal of fair (piality in a section measuring 
89 ft.; and pointed out that it would be uecessaiy to resort to boring 
ill order to prove the value of the field, the coal measures being 
almost entirely concealed by alluvium. On analysis the bulk of tlio 
coal was found to contain over 30 per cent, of ash. 

Another seam, 5 ft. 3 ins. tliick, was afterwards found by La!a 
llira lial on the Aliaran R. near Summdha (22"^ 24': 82° 42'), con- 
taining only 6-8 per cent, of ash (see King, 987 - 35 , 223). Borings 
Avere put down in 1887, but failed to jirove the existence of any large 
quantity of good coal (King, 987 - 38 , 198). 

Samples from a boring near the seam discovered by Lala Hira 
Lai gave the following avenage jcsult on analysis — (hr::53'21 : Vok 
- 28*08 : Water r: 5-30 : Asli - 13*41 per cent. (S. 84). 

I'hamlii. --The coal fields of thc^ (handa district extend along tlio 
valley of the Wardlia R. for a distance of about 72 miles. Tbe 
discovery of coal in this area is recorded by Malcolmson in 18c‘>f 
(1158 — (5, 341) between the Baingang (Penganga), and Wardha rivers. 
The wliolc of the area was surveyed by Hughes (888 — 20) in 1877, 
when the following separate coal fields were described : — 

Ballarrur (19° 51': 79° 24'). This field lies partly in the 
Btate of Hyderabad, west of the Wardha R. A scam of coal on 
that side, 6 ft. thick, was found by Llanford (148—10) in 1808. 
Borings put down on the British side of tlic riv(ir failed at that time 
to reach the thick seam, tbe thickest coal met with measuring 
only 3 ft. (Oldham, 1326 — 55 ; — 61 :---64 05 ; Fryar, 625 — 3 ). 
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Shortly before the abandonment of the Warora collieries {see below), 
the exploration was renewed by (lovernment, and a seam with an 
average thickness of 40 ft. was proved over an area of 1| srp miles. 
Two shafts were at once sunk, and production began in 1906 with 
an output of 916 tons (861, .65). The average annual produc- 
tion during tlje five yours 1909 to 1913 was 88,498 tons. In 1915 
it amounted to 94,880 tons. 

The seam being worked measures 8 ft. in thickness. Samples 
from the boring cores gave the following average result on analysis 
(2 sampIe8):-~C=: 45-.34 : Vol.=. 3l-09: Water=-12-30 : Ash = 11 '27 
per cent. (S. 90). 

Bandar (20''^ 30k 79° 21'). 'I'he area of the coal bearing (llarakar) 
rocks is about 6 s(p miles (Hughes, 888 — 20, 145). No outcrops 
were seen, but seams with an aggregate thicknc.ss of 17 ft. were 
proved by borings over an area of one sq. mile. Tn (piality the 
coal resembles that of Warora (S. !X)). 

Chanda (19° .56'; 79° 22'). Several borings were put down in 
1869-70 near the town of ('handa. but the thickest seam met with 
measured no nrore than 2 ft. Nomr of the holes was carried to a 
greater depth than 2,50 ft. 

Giiucuius (19° .56'; 79° 10'). A seam varying in thickness from 
2 to 5 ft. occurs on both sides of the Wardha 11. at this locality 
(Blanford, 148—10). Borings put down in 1869-70 proved the 
existence of a seam with an average thickness of 30 ft. (Oldham, 
1326 — 55, 97 ; — Ol, 46), and a collier y was sliortly afterwards opened. 
A description of the workings has been giveji ))y Wragge (1969—-2), 
who estimated the thickness of workable coal at 20 ft., and the 
<]uantity available at about ^0 million tons. 

According to Hughes (888 — 20, 32. 98), the productive area of the 
field is 3 sq. miles, and the estimated quantity available about 90 
million tons. When in full working order the colliery produced 
about 70 tons monthly, but within a lAw years it was closed owing 
to the more advantageous position of the Warora mines. 

Analyses of 32 samples from a boring near (fbnghus gave tlie 

following average result: : Vol. - 33-49 : Ash --20*90 

per cent. Trials of the coal on the (Ireat Indian Peninsula Railway 
are described by Oldham (1326- 5.5, 98) as having given fairly 
satisfactory results (S. 89). 

Telwasa (20^ IV: 79*^ 8 30"). Borings at this locabty passed 
through a seam 58 ft. 10 ins. thick at a depth of 04 ft. from the 
surface, including three beds of coal with an aggregate thickness of 
over 40 ft. (Oldham, 1326 — 60, 2). The average composition of 42 
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saimples was : — C-— 43*94 : Vol. — 33*15 : Ash - 22*91 per cent. (Hughes, 
888— 20, .31). 

Waroha (21)'^ 14': 79'^ 4'). Coal was discovered l)y means of 
borings in 1870 and ihc following years. Two scams of 15 and 20 ft., 
including coal averaging 12 and 15 ft. thick respectively, were passed 
through and proved over an area of 420 acres (Ness^, 1288--1 ; — 2). 
Collieries were opened in 1873 and worked for 33 years under con- 
siderable difficulties, owing to an abnormally lieavy water discharge, 
and the liability of the coal to spontaneous combustion. A serious 
subsidence of the workings in 1906 led to tlie dosing down of the 
collieries, and tlie removal of the plant to Ballaiyiir (Simpson, 
1640 — 7). Full details of the working of the iuin(\s have been given 
by Bunning (231) and Clarke (323, 187). 

Hughes (888 20 , 23) in 1877 estimate<l the area of the field at. 

3 sq. miles, and the total ([uautity of coal available at 20 million 
tons. The aveiage annual output, during tlie five years inmiedi- 
ately preceding the abandonment. Avas 132,953 tons. The total 
amount raistd during the working of the colliery was about 3 million 
tons. 

ITie coal is friable and inferior in quality to that of Uaniganj, 
cf>]itai]iing a liigh ])ro])ortiou of moisture and of snlphiir in the form 
of pyrit(^s. The average composition of 2 samples from tlie original 

borings was : (C 43*80 .* Vol. --29*33 .* Water---! 1 *72 ; 8ulphur~- 

r55 : Anlm- -13*60 per ceuf. (S. 88). 

Hiliindwara. - The ( lihiudAvara coal fields are situated on the 
southern flanks of the 8at])ura rang(^ in the valleys of the Tawa, 
Ivairham and rench rivers, covering an area of about 100 sq. miles. 
Thill seams of cmil weci^ discovered in 1852 by Jiudou and Sankey 
(1555 -1) at Harkoi (22^ VI': 78"'’ 46'), and were mentioned in 1855 
by Hislo]) (842- ‘k 556). The geology of the coal measures was 
described in 1867 by 8o])wuth (1676), who recognised three groups 
of strata : — 

Upper, — Thick beds of sandstone with thin layers of shale and 
coal. 

Middle, -~('om pact sandstones and shales with workable coal 
seajiis, J3, 14, and 12 ft. thick respectively. 

Lower, — Green and grey shales, etc., with many thin seams of 
coal. 

In 1866 the Pencil valley area was examined by Blariford (148 
— 13:--7l). who has given details of eleven outcrops showing seama 
of good coal, varying from 3 to 12 ft. in tliickncss. Lastly, the- 
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wliolo area was surveyed by Jones (96^—3) in 1887, when five 
separate fields were distinguished : — 

Baukot (22° 11': 78° 46'), or Pknoh vallky. Area 7’4 sq. miles. 
One seam of good coal at least occurs, with an average thickness of 
5 ft. Quarries were opened in the outcrop about the year 1862 ; but 
owing to difficidties of transport the workings were abandoned, and no 
further development took place till 1905, when collieries ^ were opened 
at Ohandametta and Barkoi. The method of working the coal has 
been described by Ditmas (488). Three workable seams have been 
proved, measuring 5, and 5 ft. thick respectively. The quantity 
of coal available is stated to be not less than 100 million tons. The 
average annual output for the five years 1909 to 1913 was 84,680 
tons. In 1915 the oidput amounted to 103,152 tons. 

Analysis (average of 3 sam])les) : — C--r:53‘5 : Vol.^22’8 *. Ash-:^ 
23‘6 per cent. 

HiNOLAimvi' (22° 10': 78° 41 '). Area 2*8 sq. miles. One scam, 
varying in tliickmess from 2 to 5 ft., is exposed. The coal is said to 
be of good (juality. 

Kaniian R. Area 12 sq. miles. Several seams from 5 to 10 ft. 
thick arc exposed. A sample from an outcrop at IIa'I'la (22° 11' 30": 
78° 38') yielded on analysis : —(t^ 48*58 : Vol. -- 28*36 : Waters--: 5*34 : 
.Ash--vl7*72 per cent. Samples from other seams contained over 40 
per cent, of ash. 

SiiumHA (22° 12': 78° 57'). Area 1*1 sep miles. A seam found 
in sinking a well measured at least 5 ft. in thickness. Analysis : — 
CTr::61*6: Vol.-r: 28 '() : Ash~l0‘4 per cent. 

Tawa R. (22° 14': 78° O'). This field lies partly in the Betul 
district, covering an airsr of about 79 sq. miles. Outcrops are 
not numeious, but seams measuring 7 to 11 ft, in thickness were 
found. Analysis (average of 2 samples): — (h“51-90 : Vol.~--26*20 : 
Water- 3*05 : Ash- 18*85 per cejit. (S. 94). 

Jliilnrilli.— JniLMiLLj (23° 24': 82° 55'). This field has hitherto 
been only cursorily examiued (Huglies, 888 — 29 , 205). The area is 
about 41 SC), miles. Outcrops of five seams were found along the 
Manikmara streaju. The coal is of poor quality in all but ojie, 
of which only 16 ins. is exposed. A sample of this coal yielded on 
analysis: — (W60*6: Vh)l.~33*8 : Ash— -5*6 per cent. (S. 80). 

Jubhiilpore.— Lameta Ghat (23° 6': 79° 53'). A discovery of 
coal at this locality was reported by Spilsbury ( 1684 ^— 6 ) in 1839. 
According to Mallet (1159 — ^>2, 146) the scam is nearly 3 ft. thick, 
of which 2 ft. 3 ins. is coal. The quality is very poor, a picked 
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sample yielding :-—C=^37'28 : Vol.— 30-28 : Water=12-28 ; Asli = 

20-16 per cent. It was being quarried to supply Irriek-burning 
works at Jubbulpore. The beds in wbich tlic coal occurs are of 
upper Gondwana age (S. 87). 

Korea. — In his ineinoir on the coal fields of S, Kewah, Hughes 
( 888 -- 29, 202, 20'1) briefly described two ajeas of (Jondwana rocks 
to wliicii tlie names Kurasia and IvoREAOAhMi wore given ; and at 
p. 196 seq. a nunibei- of outcrops in that portion of tlic great Sohagpur 
field which extends eastwards into the valley of the Hasdo (.Hestiio) 
R. in .Korea State (S. 83). 

The coal resources of the State liave recently (1911) been iTivesti- 
gated by Termor (577 — 4(), 171), wlio has distingnislied .four separate 
fields:-- 

JuACRAKiiANn (23'" IT: 82'^ 15'). portion of the Sohagpur 

held, 22 S(]. niih‘S in area, pnijecting into tiie Korea State. A 
continuation of the Idialmuri seam in that fi<dd was found in the 
Jhagrakliand and Neori streams, wilh a tliiekness of 5 ft. to 6 ft. 
4 ins. The (.pialitv of the coal is said to he good (Hughes, 888 — 29. 
198). 

Koueaoaiui (23^^" 85 82^^ 32'). Area about 6 sij. miles. In the 
course of a Inirricd examination by Ijala Hira .Lai, four seams of 
a few ii’clubs tliiclc were discovered (Hughes, 888 — -29, 2()-l). Throe 
outcrops Ironi 3 to 5 ft. in tliiekness liav(^ since been found (Termor, 
577--19, 211), 

.Kur.asia (23'"’ 13': 27'). Area about 18 sip miles. Two 

groups of outcrops were examined by Tennor (577-- 195) : — 

Kurasta GKOinx- ( oal was found at six horizons. The jirincipal 
seam, No. I, ranges frem a foot to 8 ft. 6 ins. in tliiekness. and pro- 
bably exlAUids over an area, of 1 sq. miles. The estimated yield 
would be about 5| million tons per s([. mile. Analysis (average 
of 6 samples) : Vok -30-92 : AValcr--8'66 : Ash^ l]-5G 

per cent. 

CniRMiRi (Mioup. — Seven seams of an aggregate tliiekness of 
36 It. wore nnxasnred. Coal of an average thickness of 10 ft. jiossibly 
extends over an area of 2 sq. miles. Tlie estimated yield would be 
about 11 million tons pei- sq. mile. Analysis (average of 10 samples): 
— (>— 5T2 : Vo].~29T : Water-:-7‘7 : Ash- 12-0 per cent. 

Saxhat (23" 29': 82" 35'). Area about 3:10 sip miles. Two 
scains of workable value have been found. Of these the lower ia 
worthless in the western half of the field, but thickens eastwards to 
between 4 and 9 ft. The upper seam thickens in the opposite 
direction, varying from 3 ft. 6 ins. to 9 ft. in the western portion of 
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the field. Aualyses—Lowcr seam (average of 3 samples) : — C== 
44-80: Vol,~28'22: Water 5*71) : Asli^21*]9 per cent. Upper 

seam (average of 5 samples): — C=:-44'00 : Vol. —24*00': Water— 4*19: 
Ash — 27*81 per cent. 

i\arsinghj)iir. — M ohpani (22'^ 40': 78'^ 54'). The discovery of a 
seam of coal, said to be M ft. thick, was reported by Ouseley in 1835 
(1349 -2). Descriptions of the outcro])s of tlirec seams were sub- 
seqnojitly given by Jacob (923 — 2, 40, 140), J. U. Medlicott (1199 ™ 
1 ). and Blackwell ( 139 , 18), whose estimaJes of their thickness 
diFfered in some degree ; l)ut in his memoir on the central Narbada 
valley, J. (!. Medlicott (1199 — .‘b 109) gave a section showing four 
seams measuring 10, 21, 5, and 4 ft. respectively. 

In 1870 the striit'ture of the field was described by 11. B, Medlicott 
(1197-21). At tliat time mining operations had been in progress 
for about 8 years, and the aggregate t-hickness of coal was found to be 
about 25 ft. The area actually proved did not exceed one srp mile. 
For many years rej)eated elforts were inade to reach tlie coal outside 
this limit by means of borings, but met with little success (M’cdlicott, 
1197 ^-- 51 ). The working of the colliery was always precarious, 
with the lower seams ])e.rmancntly on fire, and a heavy influx of 
water from above tlirough fissures in the bed of tlie Sitariva K., 
beneath which the galleries of the mine were situated. In 1902 
the colliery was abandoned. The total amount of coal won, since 
tlic colliery was opened in J8(>2, was 450,815 tons. 

A fortunate discovery in 1892 by Messrs. F. L. U. Simpson, the 
manager of the colliery, and Ba Touche, of fossil plants in the out- 
crop of a band of sandstone which had hitherto been considered to lie 
below the coal horizon, situated about 2 miles to the west of Mohpani, 
led to the sinking of a borehole which ])asscd t-hrough coal at no great 
depth from tlie surface (see King, 987 — 49. 3). Further exploration 
has proved the existence of seams witli an aggregate tliickncss of 
27 ft. over a consid(M*able area. This field is now being worked by 
the Ureat Indian Peninsula Kail way Co., which jinrchased the 
undertaking from the Narbada Uoal and Iron Uo. in 1904. The 
average annual output for the five years 1909 to 1913 Avas 54,77(> 
tons. In 1915 it amounted to 55,086 tons. 

Recent analyses of the coal give the following average composi- 
tion : -0-48*7 1 : Vol.-24*26: Water ^..2* 52 : Siilphur-.0*50 : Ash- 
24‘01 per cent. (S. 92). 

Raigarh.— R ampcjr (2K 48': 84"^ O'). This coal field lies partly 
in the province of Bihar and Orissa, the town of Rampur, from 
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which it takes its name, being situated in the district of iSainbalpur. 
The existeiice of coal appears to have been lirst made known by- 
Saxton (1564 — 1) in 1855. when he obtained specimens from a seam 
exposed on the Tb R., whicli forms the eastern boundary of the 
field. 

In 1871, and again in 1875, portions were described by Ball 
(71^.13;— 21) as the Ratoakh-IIinojk field. The western bounda- 
ries are ill defined, but the area is said to be about 100 sq. miles. 
8ince the rocks are only slightly disturbed, outcroj)S are not numerous, 
and the seams that were observed consist mainly of carbonaceous 
shale with layers of coal seldom exceeding a few inches in thickness. 
Systematic exploration by means of borings was undertaken between 
the years 1884 and 1886, under the sui>erintendence of Dr. King 
(987—30; — 32, 196; — 35), but the samples obtained gave a uni- 
formly poor result on analysis, none of them containing less than 
30 per cent, of asli. They were, in fact, less favourable tliau some 
of the specimens collected from the outcrop. 

Interest in this field was revived in 1891, when a seam of coal 
of fair quality, I ft. thick, was passed througli in sinking the founda- 
tions of the lb river bridge on the Bengal-Negpur Railway (King, 
987 — 40, 2). A fresh survey of the eastern portion of the field was 
ilum made by Reader (1466 — 1 ; — 3). Four seams varying in thick- 
ness from 4 to 8 ft. were ))roved l)y boring ; but witli tlie exception of 
the lb bridge seam, all contained more than 30 p(‘r cent, of ash. 
Further explorariou was recortninnided in ord(‘r to prove the extent 
of tliis scajn, as well as the lowest beds of tlie Barakar group, which 
had not been tested by the borings. 

A eolliery was established here in 1909. The annual output has 
iiKueascd from 830 toiis in the first year of working to 60,883 tons 
in 1914 and 58,825 to)is in 1915. The average composition of 2 
samples from the lb bridge seam is :“"-F---53*6 ; VoL- 22*6 : Water-- 
8*5: Ash- 1 5*3 pot cent. (S. 85). 

Sarguja.-- Bisrampur (23"" 7': 83"^ 15'). Surveyed by Ball (71 — 
15) in 1873. Tlie coal measures are exposed over an area of 
about 400 sq. miles. Many outcrops of thin seams were described, 
and the field is said to contain a fair abundanc(‘ of good coal, but 
borings are required to prove the extent and coniinuity of the seams. 
The following analyses arc given : — 

Rer and Fasano rivers (2 samples) 57 0 : V()l.:^: 37'6: 

Ash — 5*4 per cent. 

Mahan and Masan rivers (3 samples) C -^8 I : Vol. — 32*3 : Ash 
=^19*6 per cent. (S. 81). 
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Lakhanpur (22^^ 59': 83° 6'). Ball surveyed a portion of this 
field, 50 s(|. miles in area, in 1882 (71 — 5,3), and found only one 
promising seam of coal, 5 ft. 6 ins. thick, at Kutkona (23° 3': 83^ 6') 
on the Ciianduai R. According t-o Lala Hira Lai (MS. report, 1885-87), 
the total area is 340 sq. miles. Several outcrops of coal from 3 to 
9 ft. thick were foinid. A sample from a seam 5 ft. Gins, thick on 
the Atem strean! near Parsa (22° 51': 82° 52') yielded on analysis : — 
C:::z^50'90 : Vol. ~- 28‘70: Water-^^7*50 : Ash 12'90 per cent. (S. 81). 

Kamkola-T.a^papani (23° 39': 83° 3')-~(23° 41': 83° 43'), A 
discovery of coal by Franklin at Manpitr (23° 43': 83° 27') on the 
Morne R. is r(?corded in 1830 (616 - 5, 218). Tlie two fields, which 
lie within a few miles of each other, and are no doubt connected 
beneath a tract of upper (Joudwana (Mahadeva) rocks, were surveyed 
in 1878-79 by fJriesbacb (708 — 1 ). The total area is about 800 sq. 
miles, bnt the exposed area of coal measures is about 100 sq. miles. 
Three groups of seanrs were met with, mostly eontined to the middle 
of the Barakars, though few of them were of workable tbickness and 
quality. The largest atid best seam occurs on the Morxte U., where 
it is 7 ft. 9 ins. tliick; but it tliins out to the westwanl to 3 ft. 
6 ins. The (juantity of (‘oal awailabh^ was not estimated, nor have 
any analyses Ijeen made (S. 80). 

Rampur (22° 35': 83° IG'). A cursory examination made in 
1882 by Ball (71-5:^ 110) revealed the existence of only one seam 
of rather stony coal, 4 ft. G ins. thick. Lahi llira Lai (MS. report, 
188G-87) estimated the total area at 70 sq. miles, and found numerous 
outcrops varying from 2 to 7 ft. thick. One seam of 5 ft., exposed 
in a tributary of the Dhamgora R., is said to have contained less 
t1ia>i 4 per cent, of asli (S. 83). 

In addition to the fields mentioned above, the following have 
been desGribed by Jjahi llira Lai in unpublished MS. reports, 1885-89 : — 

Bansak (23° 7': 83° 21'). Area about 10 sq. miles. One seam 
measuring 12 ins. was foiifuL 

Damhamum'A (22° 5G' 30": 82° 33'). Area 44 S(j. miles. Foal poor 
and seams thin. 

Panchbitainj (23° IF: 82° 55'). Area about 4| sq. miles. 
Several seams of g<R)d quality occur, varying from 18 ins. to over 
3 ft. in thickness. 

Senduroar (22° 49': 82° 2G'). Area about 20 sq. miles. Seams 
of 10 ft. and 4 ft. occur, yielding respectively on analysis : — C-- 50*20 : 
Vol.-20-20: Abater -G 50 : Ash-2310; and 0-54*40 : Vol, -30*74 : 
Water— 8*46 : Ash — G*40 percent. (S. 81-83). 

Ihlaipur. — M and R. (22° 15': 83° 15'). The existence of several 
seams, one of them 20 ft. thick, on the Mand R. was recorded by 
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Blanford (148 — 25) in 1870, and others were described by Ball 
^ 71 — 53 , 112) in 1882. In all of these coal of good quality occurred 
only in thin layer's. A number of borelioles put down under the 
superintendence of Dr. King (987 — 35, 222;- 3S) failed to detect the 
presence of coal containing less than 30 per cent, of ash. Tlie area 
of the field is about 300 sq. miles (S- 8b). 

» 

Yeotirial, — Wun (20"^ 3': 79'^ T). This coal field belongs to the 
Wardha valley group, meiitioaed above under dianda. In 1870^ 
on the evidence of borings, Oldliam Lyalf 1107 , 25) estimated 
the average workable thickness of coal at 20 ft., over an area of 40 
sq. miles, giving a total quantity availalile of 180 million tons. 
Further exploration enabled Hughes (888 - 20 , 38) to increase the 
estimate of the total quantity to 2,100 million tons, of Aviiicli he 
considered that 255 million tons would be available within a depth of 
500 ft. The probably productive coal area was found to be about 
80 sq. miles. 

An experimental shaft was sunk at Pjsoaon (20^ 9': 78'’ 53') in 
1873, and a certain amount of coal raised for trial ; but oj)eratioiis 
W'ere suspended on the opening of the Warora cedliery. The average 
composition of 2 samples of this coal was : — 0--d)4'0 : Vol.~“19'4 : 
Ash^^l6‘G per cent. (S. 89). 


HYDERABAD. 

Adiiabad. — A ksapur (19° 2i': 79° 28'). A sjiiall tract of Barakar 
rocks, exposed on tlic Jaiigaon K., was noted l)y King (987 — 23, 180). 
No coal has been found (S. 100). 

Antakoaon (19° 32' 30": 79° 33'). A seam (> ft. thick, including 
9 ins. of shale, was found t)y Hughes (888 — 20 , 63) a little S. of 
Latui Ghat on the Wardha. R. An outcrop of |)robably the same 
seam, 5 ft. thick, was found at KoNDAi-KA-PAifAH. Analysis : — 
0--51-26 ; Vol. -28-25 ; Ash 20-19 pc rcent. (S. 100). 

(hiiNUR (18° e52': 79° 52'). In 1844 Newbold ( 1294 — 35) noted 
tlic occurrence of coal on the Pranhita R, at Kota (18° 54' : 
80° 2'). Borings were put dowji at the spot between the years 
1852 and 1857 (Bell . 101 — l 2 ; Wall, 1875 — 1 ; AValker, 1874 ; 
1868 — (’>), and a seam 2 ft. G ins. thick was met with at a depth 
of 29 ft., but no useful coal was found. 

Hughes in 1878 (888—22, 21) discovered that t!;e coal measures 
occupy a narrow strip of country betw-eeu (diinur and Sandhapali 
( 18° 47': 79° 56'). No outcrops of coal were detected, but largo fig- 
ments were found in the bed of the Godavari neai- the mouth of the 
Sandrapali stream (S. 99). 
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Basti (19'^ 19': 79^^ ;i3'). This field is a continuation, on the 
west side of the Wardha R,, of the Ballarpur field in the Chanda 
dlistrict, Central Provinces. Large numbers of boriTigs were put 
down between the years 1871 and 1874, and coal with an average 
thickness of 40 ft. was proved over an area of 1| sq. ]uile. Hughes 
(888 — 20, 7)4, 99) ostiniated the total amount available at 30 million 
tons (S. 90,100)! 

Tandur (19"" 9': 79^ 30'). This village lies near the ctnitre of a 
narrow belt of Baraloar rocks extending from Khairguka (19^ 14': 
79" 26') to Aksapali (19" 1': 79" 35'). A seam of coal, 15 ft. thick 
at Ivhairgnra, ws,s traced by Hughes (888—22, 20) for a distance of 7 
miles to the B. 1^., decreasing in thickness to 9 ft. A sample fj’om 
Kuaiugitra yielded on analysis : — C— 45-6 : Vol. — 32*8 : Water:“9-4 : 
4s!i--'12‘2 per cent. (S. 100). 

Warangal. — BA?\U)AnLA (18" G': 80" 20'). A description of a)i 
outcrop o!’ coal, 0 ft. iJiieJv, discovered by Hecnan on the IvuMJUiSANr 
R., is quoted by King (987 “-2:^ 181). Teji years previously, in 
1871, Blanford (148 -^D) had noted the occunonce of fragments 
of coal in the same river at ALAie\LLr (17" 50': 80" l>2'), which may 
liave l)cavn derived from an outenop of tliis seam (S. 99). 

Kamaram (IS" 15': 80" 22' 30"), Described l)y King (987— <s, 50). 
The area is about 15() acres. Two seams of good coal o(Mnii’. 6 ft. 
and 9 ft, tliick rc8|)cctiv(‘ly. The quantdy available is estimated 
at about 1,130,000 tons (8. 99). 

Kumnkjjri (17" 21': 80" 40'), or Ciiandragunda. King (987—2;}, 
194) .mentions a small ))atcli of Barakar rocks here. No coal was 
found (S. 90). 

Ltxoaloa (18" O': 80" 54'). Blanford (148 — 2s) records tlio 
discovery by Mr. Vaustaverii of a coal scam, 5 ft. tliick. in the bed 
of the Oodavari at this locality, and of two thinner seams in the 
banks. On the British side of the river a seam of good coal, 5 ft. 
tliick, was struck in an exj)erimental pit at 11 ft. frojn tlie surface, 
and 70 tons of coal were raised (S. 97). 

Madavaram (17‘^ 28' 30": 81" 16). This field is traversed by the 
Godavari R., and coveivs an area of about 24 sq. miles. A portion 
was tested by borijigs in 1871 under Blanfojd's supervision (148 — 28, 
60), when several thin seams were passed through. The quantity 
proved was not more than 25,000 tons. On the Hyderabad side 
of the river three seams, of which two measured 4 and 6 ft. res- 
pectively, Avere subsequently (1874.) found by boring (King, 987 — 23, 
193). 


104 



COAL. 


More recently (1891-95) a trial pit was sunk at Ra.iahzompalli, 
on the British side of the river, and a seam, 5 ft. G ins. thick, of good 
coal was ’struck. About 3,500 tons of coal were taken out, but the 
enterprise was then abandoned (S. 96). 

SiNGAKKNi (17"^ 31': 80'^ 19' 30"). In 1872 the outcrop of a seam of 
coal, of which not more than 2 ft. was exposed, was discovered by 
King (987 — o ; — ^^s) in the bed of the Yellinuaui.apad stri^^vm, 
about 7 miles to the N. E. of Singareni. Tlie area covered by 
Barakar rocks in the neighbourhood was found to be about 9 sq. 
miles. Subsequent exploration by means of borings revealed, the 
existence of four scams, measuring from above downwards 30 to 40 ft., 
G ft. G ins., 4 ft. G ins. and 3 ft. 9 ins. to 7 ft. in tluckness respectively. 
Only the lo\yp.st of tl\ese, knowt\ as the King seam, has hithei‘to 
been worked. 

Various estimates have been made of the amount of coal contained 
in this seam, the latest (1894) l)y Saise (1545 — 2) giving it as 3G 
million tons. Some part of the upper, or thick scam, is also said 
to be V'orkaldc. 

The average auuu.al output of the colliery wlii(4i was op(mcd in 
I88G, during the five years 1909 to 1913. was 497, GIG tons. In 
1915 it amounted to 5<SG,824 tons. Kull d(4;ails of the working of 
the colliery have been giveji by Kirkup ( 991 — l). 

The following analyses of the coal have la'en mad(‘ : — 

Thick seam : — V--:r)2’5 : Vol.--34'r) : Ash - 13'0 lau cent. 

King seam -d'-vT ; \4)1.^ wjr)‘2r) : Wat<‘r - 7‘G() : Ash 

104)5 per cent. (S, 97). 

KASHMIR. 

Juniiini. — The coal ia^aring j’oeks of this district are exposed 
along the flanks of a series of detached dome-shajxal folds whoso 
crests have been removed by dcjiiulation, and thus occu))y a numher. 
of elliptical areas, or iuliers.. surroiiudcd on all sides by higher beds. 
The coal scams arc associated with nuiumulitic limestones and arc 
of lower Tertiary age. In ail eas('.s they have been snbj(ic4ed 
to great disturbance, and the coal is consequently in a crushed and 
friable condition. The following areas have been described : — 

Dandiu (33'" 32': 7T^ 2'). The occurrence of coal on the Bench 
K. at this locality was rejmrted by Medlicott (1197 — 15, 122) in 
1868. A number of outcrops were examined by Wright (1972 — 2) 
in 190G. Two main seams occur, but are very irregular, and 
seldom exceed a tew inches in thickness. The (piality of the 
coal is poor. 

Kalakot (33'' 14': 74'' 27). Boal is found in a continuous seam 
surrounding an inlier of limestone about 4 miles in length. Some 
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of the coal is of fair quality, but it never remains constant in thick- 
ness for nio] e than a few feet of outcrop. Omitting coal with more 
than 30 per cent, of ash, the average composition of 5 samples was : 

; Vol.-^-ll'Sb : Waters:: 2*72 : Ash^^l5-58 per cent. 

(Simpson, 1640—3, 220). 

Ladda (33"" 75'^ O'). This field was thoroughly prospecterl in 

1902-03, when' the question of utilising the coal in connection 
with proposed railway extension in Kashmir was discussed (Simpson, 
1640 - 3 ). The thickness of the single seam exposed varies greatly, 
but it was considered that portions of it, with an average thickness 
of 2 ft. 7 ins,, might be worked over a length of outcrop of about 6 
miles at the eastern end of the field. A provisional estimate by 
Simpson ( 1 . c., 246) showed that the probable amount of coal avail- 
able might be If million tons, and that in addition about 2 million 
tons might prove to be workable. 

Numerous analyses of the coal were made, but in the 
majority of the samples the proportion of ash was well over 30 per 
cent. The average composition of 6 samples containing less than 
this percentage of ash was: — C -69*74: Vol.-- 12*42: Waters- T03 : 
Ash--~16*cSl per cent. The proportion of sulphur is high, amounting 
in some cases fco over 5 per (ient. 

LonuiiA (33'^ 10': 75'" 9'). in this area, lying about 10 miles to 
the N. of the Ladda field, nothing but carbonaceous shale was found, 
containing in most cases more tliau 40 per cent, of ash. 

Mkhowoala (33'^ 13': 74^' 33'). ('oal occurs at two horizons 
separated by about 20 ft. of shale. The upper seam docs not exceed 
2 ft. in thickness; wliile in the lower seam the coal occurs in lenti- 
cular beds of no great extent (La Touche, 1034— 0, 68). Tlie average 
composition of 6 samples collected by Simpson in the course of 
prospecting operations (1640- 3 , 216) was: — (! -71*60: Vol. -14*76: 
Water^^-3’78 : Ash --9*86 per cent. 

fSAN.OAH Mako (33° 12': 74° 41'). This field lies at the western 
extremity of the l^adda inlicr, and is connected with that coal field 
across tJie deep valley of the (3umab, which cuts tliroiigh tiie centre 
of the inlier, by a continuous band of the coal measure rocks, 
exposed along tlie iioitliern flanks of the elevated zone (>Siinpson, 
1640 — 3 , 210). The (u.)ai measures are twice brought to the surface 
by undulations of the stsata, so tliat a greatei* length of out- 
crop than usual is exposed. Oeeasionall}^ tw^o seams are present, 
but only the lower is of importance, and the thickness of this seldom 
remains constant for more than a few feet (La Touche, 1034 — 9 ), It 
sometimes reaches a thickness of 7 ft. 6 ins., but is more usually 
about 2 ft. The majority of the samples collected by Simpson in 
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the course of prospecting operations contained more than 30 per 
cent, of ash. The average composition of the 3 best samples was 

77*37 j Vol. — 13*33 : A\'ater:^^l’24 : Ash---8 06 per cent. One 
of these samples contained 4*29 per cent, of siilpliur. 

SiKO VALLEY (33° 12^ 74° 32'). This is a small elliptical inlier 
situated about a mile to the W. of the Mehowgala field, 'rhe 
thickness of the seam appears to be rather more iconstant than 

usual. Assuming a thickness of 2 ft. over a length of outcrop of 

(> miles, Simpson (1640 — 3, 250) estimated the quantity that might 

bo extracted at about 750,000 tons. Only one of the samples 

analysed contained as much as 40 per cent, of ash. The average 
composition of the remaining 6 samples was: — 0- 0()*84 ; Vol.-::^ 

11*01 : Water ~ T19 : Ash=== 20*30 per cent. (S. 100). 

MADRAS. 

tiodavari.— B eddadanol (17° 14/ 30"; 81° 17'). The existence of a 
small area of Barakar rocks here was noted by Blanford during a 
survey of the lower Godavari valley in 1871 (148 — 30, 24). In 
the following year, and again in 1873, it was examined by King 
(987 — 10; — 11), who found that the exposed area was about s(|. 
miles. No coal seams were visi])le at the surface, but a number 
of borings subsequently put down passed through four seams of coal 
and carbonaceous shale, one of which was 4 ft. (i ms. thick (King, 
987 — 12, 159; — 14; — 23, 179; — 27). The quality of the coal was 
exceedingly poor, an average sample containing; — G-^^IG*! : V^)l. - 
30*6 : Ash.~53 per cent,; wliilc picked fragments yielded : — C "d37*0 : 
Vol.~37*8 : Ash~25*2 percent. (S. 107). 

" DAMEKCiiEiinA (17° 36': 81° 8') and Linoalla (18° O': 80° 51'). 
^ee HVDERABAD-WarangabMADAVAKAM. 

Keported discoveries of coal in other parts of Madras and southern 
India have recently been discussed by Simpson (1640 — 10, 102-106). 
AVitlr the possible exception of certain beds noticed below inubu’ 
the lieading LIGNITE, none of these oceurrences is of any economic 
value. 


* NORTH-WEST FRONTIER PROVINCE. 

Hazara.— Dore II. (34° 9': 73° 22'). Outcrops of coaly shale 
beneath nummulitic limestone, near the point where the road from 
Murree to Abbotabad crosses the Dore E., wej*e noticed by Wynne 
(1975 — 25, 210) in 1879. According to Middlemiss (1219 — 13; — 17, 
287), the coal occurs along the axis of a compressed and dis]o(jated 
overfold, and has been so sheared and crushed that its continuity 
cannot be depended upon. It varies greatly in thickness, reaching 
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17 ft. in one place. The quality is very poor, average samples 
containing over 40 per cent, of ash. About 250 tons have been 
extracted and used for lime and brick burning in Abbotabad (S. 112). 

Koliah— Barnes (235 — 7) in 1833 reported the discovery of a 
bed of carbonaceous shale near Kohat (33*^ 35': 30'). Specimens 

when analysed were found to contain only 0*2 per cent, of fixed 
carbon, an(15 6*8 per cent, of ash. 

Wyiine (1975 — 15 , 294) mentions the discovery by a native 
officer of coal at a locality which may be either Dhani) (33° 14': 71° 
2G') or Shin Dhand (33° 33': 71° 41'). From its description and 
mode of occurrence he considered that it might be lignite, derived 
either from a pocket in upper Tertiary sandstones, or from a layer 
in the alum shale zone. 

Sfieruiii Hills. — Keports of the occurrence of coal near ]\Ioghal 
Kot (31° 28': 70° 9') were found by La Touche (1034 — 20, 95) to 
refer merely to thin strings of carbonaceous matter in lower Tertiary 
beds (S. 108). 

Wa/Jrislau. — Agha Abbas (15, 588) mentions an occurrence of 
coal beyond the Fir Karal. a hill to the N. AV. of Kanjguram 
(32° 31': 09° 51'). 


PUNJAB. 

Atiock,-— (hior (33"^ 44': 72° 10' 30"). A lenticular bed of bright 
coal, occurrijig in the numniulitic limestone of the Chita range S. 
of Attociv, was noted by Wynne (1975-17, 114) m 1877. Several 
bcuings and tiial pits sunk l)y Scott (1600) in 1881 showed tluat no 
continuous scam of coal exists, and that tlie quality is poor (S. 112). 


Jhelum *1 
(Salt Range) j 


■The earliest coimected accounts of the coal de* 


posits of the Fimjab Salt Range were published between the years 
1848 and 1853 by Fleming (591—1, 509; -3, 001 5, 310), who 

described the mod<r of occurrence and the distribution and quality 
of the coal at nine localities. This list was supplemented in 1808 
by one drawn up by Dr. Oldham (1326—40), in which thirteen 
localities are mcntiojied. At several of these places, — Khewra, 
hfinA, Karuli, Nurpur, 1)ehiw^\l, Chamil, and Sangliwan, the 
coaJ was so thin and poor in quality that it w^as considered to be 
useless ; while at Sawakhan, Katha, and Amb it occurred in slipped 
masses of no great extent. 
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The coal occurs at a single horizon in a band of shales and sand- 
stone underlying the scarp of nunnnulitic (Eocene) limestone which 
extends along the crest of the range from east to west. It does not 
form a continuous seam, but is found in lenticular beds sepalrated 
by wide intervals of barren ground (Wynne, 1976 - J 8, 105, 293). 
Mining in all cases is carried on by means of adits or inclines driven 
from the outcrop. The following areas have been worked • 

Bhaganwala (32'' 43': 73" 19' 30'^. The coal scam here can be 
traced for about a mile along the scarj), and imiications of its pre- 
sence have been found over aji area of about 7 S(j, miles. In places 
it reaches a thickness of 5 or 7 ft,, but for considerable lengths of 
outciop it may disappear entirely. As a re^snlt of prospecting 
oj)erations in 1893, La Touche (1034 2-), estinuited that the 

exivStence of about 88,000 tons of coal might be takcri as ])r()ved, 
and that the total ([uantity available might amount to nearly a 
million tons. The coal had then been mined 1)y lo('al contractors 
since 1877, and about 2,000 tons bad been extracted. In 1893 the 
Morth-Western Railway (Company took over tin' Tiiines, but aban- 
doned tbcjti seven years later owing to deterionitioii in the (jiiality 
of the coal. TJie jnaximiim output was 13,115 tons in !897 (S. 109). 

A sample of tlie coal from the outcu'O]). collected, by Kleming, 
yielded on analysis: — (L.4L3G: Vol. : lOd'rl : Ash 18-00 per c(mt. 

Dandot (32" 39': 73" 1'). Ti)e seam e>:])osed Imre was consi- 
d(u;(jd by Eleniing to be “ of no im|)ortaitcc,'’ but- it is nevertheless 
the only locality in the Salt Kang(‘. where cx])loitatlon on a large scale 
lias been found })ra(tjcable. Mining has bcmi earimnl on for many 
years. About 1,900 tons are said to have beam raised h('re and at 
Pij)H {see below) l)etwcen the years J8()3 and 1807 (Wynne, 1975 — 
18, 294), The mines were worked by tlie North- W(cstern Railway 
('(un])any from 1884 to 1912, when they were handed over to local 
contractors. The working of the colliery had always been attended 
with much difhciilty, owing to tlie unstable cJiaracter of tlie shales 
forming the roof and Hoor of the seam, and tlie liability of the coal 
to spontaneoUvS combustion. The average thickness of tlie seam is 
not more than 2 ft. A description of the method of working the 
colliery was given by (darke ( 323 ) in 1901. 

In 1887 E. 1). Oldham (MB, Report) estimated the area of the 
held at 2 sq. miles, and the quantity of coal available at about 2 
million tons. An attempt to discover wbether coal of a workable 
thickness extends beneath the plateau to the north of the colliery 
met with no success, though the horizon of the (ioal seam was reached 
in two borings (Hayden, 793 — 20, 73), The combined output of the 
Dandot and Pidh collieries reached a maximum of 81,218 tons in 
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1899, but during the five years preceding the closing of the mines 
the annual average fell to 45,386 tons. 

The following analysis of the coal has been made : — 0—47*17 : 
VoL#36*81 : Water-6-13 : Ash-9*89 per cent. (S. 110). 

PiDH (32^^ 41': 73'^ 2'). The coal here is about 3 ft. thick at the 
outcrop, and the seam dips at a high angle to tlie north (Oldham, 
1326 — 49). Milling was carried on by the North-Western Railway 
Com])any for the same period us at Dandot, and under similar 
conditions. 

Durijig the three years that the mines have been under native 
management, the average annual output of coal from the Jhelum 
district has amounted to 47,878 tons. 

UliauwaU. — I sa Khel (32'^' 41': 7F 20'). Specimens of coal 
collected by Burnes (235 —17, 112) near Kalabach, and for- 
warded to Calcutta, were pronounced by Prinsep (1436 — 32) to be 
of excellent quality. Jameson, liowcver, who examined the deposits 
in 1842 (931 — 2 ; — 3, 207) gave a very unfavourable report on tlieir 
extent and quality. The coal then, and for some years afterwards, 
was being used to a certain extent on the Indus Plotilla steamers 
(Fleming, 59P--1, 51G;™r>, 272; and Vercherc. 1839 -^1, 44). 

The field was visited in 1864 by Oldham (1326 — 49), who recog- 
nised tliat two distinct carbonaceous horizons arc exposed, the 
lower of Jurassic, and the upper of Tertiary age. lie tliought that 
about 1,600 tons of fuel nuglit be obtained from the Jurassic deposits 
near Kalabaoji, but condemued tlie remaining seams examined 
as worthless, an opinion afterwards endorsed by Wynne (1975—28, 
305). 

In 1904 a detailed survey of the ground was made by Simpson 
1640 — 4). Tiiree se])arate areas were distinguislied : — 

Kalabagh (32° 58': 71° 37'). Jurassic. Briglit jetty coal occurs 
in discoutiiiuoiis layers at three horizons over a hmgtli of outcrop of 
750 ft. About 16,500 tons miglit bo obtained above free drainage 
level. Amilysis of a representative sample gave : — C— 42 29 : Vol, 
—24*16 : Water— 4*01 : Sulpliur — 4*39 : Ash— 25*12 per cent. 

Kijch (33° 1': 71° 35'). Jurassic. Two seams, 10 and 12 ins. 
thick respectively, are exposed over a lengtli of outcrop of about 
500 ft. About 14,000 tons of fuel miglii be obtained here. Analysis : 
— C-46*r2 : VoI.-22*74 : Watei--i019 : yiapluir-:2*35 : Ash- 

18*60 per cent. 

Malla Khel (32° 56': 71° 13' 30"!. Tertiary. A seam with an 
average thickness of 2 ft. 3 ins. was traced for a distance of 6| miles 
along the flanks of the Maidaii range. The quantity that might be 
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extracted above free drainage level was estimated at about 493,000 
tons. The average composition of 21 samples was - lO'O ; Vol. 
=-37-0: Water .^^9-0 : Su1p1mr=.:4-0 ; Ash^=l()0 per cent. (S. Ill) 
During the years 1907 to 1912 this field produced 7,518 tons 'of 
coal. In 1915 the output was 2,029 tons. 


SUcilipur -j- 

,e,) j-~-Tl> AKAR 


Kox (32° 31': 72° 
coal occurs under 


28') 

the 


and 


Ti^.tuwala 
same conditious 


{Salt Uaiige) 

(32^ 36'; 72" 30'). The coal occurs 
as at Dandot, etc., in the Jhelum district. Tlie average thickliess 
of the seam is about 3 ft., but it varies considerably witliiu short 
distances. The mines arc worked by local contriictors, end the 
output is subject to large (Inctuations. In 1006 it was 15,671 
tons ; but the. average amount raised anmially 


1909 to 1913 was not more tlian 2,650 tons, 
was 4,269 tons. 

The following analyses have been made 
46‘50: Vol,- 35-66: Water -.7-60 : Ash -10-21 
C-37-31 : Vol.-31-Ol : \Vater-5-08: Ash- 

70). 

RAJPUTANA. 


during the live years 
The output in 1915 


J ITAKAR 
l)er cent. 
-26-60 per 


Kot. 0- 
Tkjitwala. 
cent. ( 861 , 


The existence of a glacial boulder bed at 15ap (27" 22'; 72" 25') 
in Jodhpur territory, recognised by R. 1). Oldham as of Talcher ago, 
and of upper Gondwana rocks furtlier to the vvi'st in Jaisahiier, has 
suggested the possibility that the eoal-beaiing Damudas might he 
concealed beneath tlie sands of tin* Indian desert in the inter- 
vening area. The question was fully discussed after an examination 
of the ground by Oldham (1324—10 ; - 25 ), wlio came to the conclusion 
tliat the prospects of finding workable coal arc exceedingly small. A 
spots miles to the S. of Devikot (26" 40'; 71" 13') was indicated as 
the best site for an experiineutal boring, but tlie trial has not yet 
been made. The only coal yet found in Rajputana is of lower 
Tertiary age. 


IVikauer. — Palana (27" 51'; 73" 19'). A -seam of coal, 4 to 8 ft. 
thick, was discovered during the sinking of a well, at a depth of 212 
ft. from the surface, beneatli a band of nummulitic limestone (La 
Touche, 1034 — 24). TJie seam, on being opened out, was found to 
be persistent over a considerable area, though the thickness varied 
from 3 to 30 ft., and a colliery was established in 1898. The method 
of working has been described by (Jlarke ( 323 , 188). The output 
reached a maximum of 45,078 tons in 1904, but since then it has 
dechned, the average amoimt raised annually during the five years 
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1909 to 1913 being 15,197 tons. In 1915 the output was 17,796 
tons. 

The coal is dark brown in colour, with a woody texture, and 
becomes very friable on exposure to the air. The large percentage 
of moisture contained in it can be coiisiderably^ reduced by a special 
process of briquetting, which has been described by Phillips (1401). 
The composition of the raw coal and briquettes is indicated by the 
following analyses : — 

Coal :-C-38-l 6 : VoI.-.-35-36 : Water-22'9() : Ash-3-58 per 

cent. 

Briquettes (average of 2 samples) : — C— 38*79 : Vol.— 42*50 : 
Water ~~r2‘08 : Ash— 6*63 per cent. (S* 112). 

SIKKIM. 

Seams of coal reported as occurring in the valley of the Gkkat 
Eanoit R. proved on exarninatioii to consist of dense black car- 
bonaceous shales, liaving the appearance of bright coal, but unable 
to support combustion. The seams occur among slates of far 
greater age than the Indian coal measures (La Touche, 1034 — 
95), 

liNITEO PROVINCES, sec tinder LIGNITE. 

COBALT. 

BIHAR AND ORISSA. 

Halahaiidi. — A specimen of manganiferous iron ore collected at 
Olatura (20^ 20': 83^ 36') l>y Walker (1872—3, 20) yielded on 
assay 0*82 per cent, of cobalt oxide. 

BURMA. 

Tavoy.— Theobald (1763 — 95) states that he procured a 
nodule of earthy cobalt associated with manganese, imbedded in 
white clay, near Hrnzat (Hkinze 14'" 29': 98"' 12"). The specimen 
was not more than an ounce in weight (B. 325). 

MADRAS. 

Travancore. — Indications of the presence of cobalt have been 
detected in the sulphide ores occurring near AruManallur (8^ 19': 
77"* 28 ), described by Masillamani ( 298 , 13). A surface sample 
yielded 0 08 per cent, of cobalt on assay ( 862 , 281). 
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NEPAL. 

A speftimcn of cobaltiferous matte, said to liavo been procured 
at the copper mines of Kaohipatar AROAtr, Zilla Sowrobhar, situated 
80 miles to the N. of Dui.HA (27'" 23': 83'" 10') in the Basti district, 
was described by Jones (952—7) in 1889. It contained 13-97 per 
cent, of cobalt. A specimen previously assayed by Mallet contained 
11 per cent, of the metal (B. 32.'»). 

RAJPUTANA. 

Jaipur.— Khf.tri (28° O': 7.7° 71'). An ore of cobalt, locally 
known as sehta, has long been known to occur at the ctrpper mines (if 
Bauai and Bagor in the neighbourhood of Ivhctri (A. E., 524 •-:!). 
Specimens were described by Middleton ( 1221 — 1 ) as a sulphide of 
cobalt, to which the name ' Syepoorite ‘ (.lai|)urite) was given bv 
Nicol ; and by Ross (1518 — 2) as a sulpli-aiii imonial arsenide of 
cobalt. But Mallet (1159 — 24) has shown that the ore consists of a 
mixture of two minerals, — cobaltite, a Hul))hide of arsenic and 
cobalt, and a cobaltiferous variety of danaite. 'I’lie cobaltite w^s 
found to contain 28'.3() per cent, of cobalt. 

According to Brooke (203—2, 721), the ore occurs in thin layers 
between the ma.sses of cop]>er pyrites. Not more than 200 lb. a 
mouth was produced at either of tli(5 miiuts. Ifacloit (730 — 4, 
218) and Heron {mi Hayden, 793 — 3i, 19) (b'.scjihc the Hehla as 
occurring in minute crystals sparsely di.s,seminated through the slat((S 
which contain the copper pyrites. 'I’hc extraction of the ore, which 
was used mainly by the Jaipur cnamellers, was di.scontinucd about 
the year 1908 (B, 321). 

COLUMBITE see vnder RARE MINERALS. 

COPPER. 

'I'he copper industry in India, generally is dealt witli in the follow- 
ing papers : — 

1901. Evans (555—9, 157). A brief history of the attempts 

that have been made to mine copper ores in India. 

1907. Holland ( 859 — '>4, 27). An account of the recent trend of 
the copper market, with reference to a possible, revival of the Indian 
copper industry. 

AFGHANISTAN. 

In 1841 Drummond (504 — 2) gave details of a number of ancient 
copper workings situated in the neighbourhood of the Safed Koh, 
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between Kabul and Kurram. The most promising veins were said 
to occur at Diierband and in the Dobandi valley (315"^ 50': 69® 17'). 
The ore consists of bornite, chalcocite, and cuprite, containing 
respectively 60, 80, and 90 per cent, of metal. According to Gries- 
bach (708— lil, 79), the veins are developed along the contact of 
intrusive igneous rocks with shales and sandstones. A specimen 
of copper ore' from Kakatiza hill (33® 57': 69® 27') in the same 
neighbourhood was exhibited by Medlicott (1197 — 56, 4) in 1880. 
It contaiiied 20 per cent, of copper. 

Griosbach (Z.c., 77) also jnentions tlic occurrence of traces of 
carbonate of copper on the south side of the Kotal-j-Maulana in 
IviiAEWAR (33® 40': 68® 55'), at the contact of granite with meta- 
morphic rocks (B. 265). 

Vigne (1846 — 3, 142) has described a copper mine at Shibak, a 
day’s march beyond Saiab, on tlic road from (fhazni to Kabul. The 
me o(auirs in a ejuartz vein in slate. 

Rich veins of copper ore are said to exist in the Shah Maksud 
range (31® 53': 65® 20'), and to have been worked by Nadir Shah 
and the Sirdars of Kandahar (Hutton, 900 — 8 , 597). Yeiy large 
profits are said to have been made (B. 265). 


ANDAMAN ISLANDS. 

Rano-u-Chang (11® 34': 92® 43'), Small quantities of copper 
pyrites were obtained by Mallet (1159 — 42, 80) in veins of hematite 
traversing eruptive rocks on the coast, several miles to the S. of Port 
Blair. A sample contained only O'lO per cent, of metallic copper. 


ASSAM. 

xibor Hills. — Sisi R. (28® 48': 94® 56'). Rolled pebbles containing 
particles of chalcopyrite were noticed in the bed of the river by 
Brown (211 — 5, 253). It is remarked that the watershed might be 
worth the attention of prospectors. . 

Bor Hsiiiiti. — Tlie Kamtis, inhabiting the hill region to the east 
of Upper Assam, are well known to be skilled workers in metal. 
While in their country, Maclarcn (1134-- 2, 184) was shown specimens 
of chalcopyrite, probably derived from veins in serpentinous rocks. 

Alanipiir. — Oldham (1324 — 3, 241) mentions that copper is worked 
in the south-eastern corner of the district. The ore is said to come 
from the hills bordering the Kubo valley (B. 278). 
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BALUCHISTAN. 

Kharaiu— Clirysocolla (silicate of copper) is widely disseoilnated 
ill grains of varying size through syenite of Tertiary age in the Ras 
Koh (28"^ 49': 65"" 14'), and at several other places further west. 
At RoiiAT (29"^ 32': 03'" 35') large Jieaps of copper slag were seen. 
Copper ore also occurs at Saindak (29"^ 1(V: (>1° 33') Im veins as tlie 
result of solfataric action due to the iutrusion of basaltic dykes 
(Vredenburg, 1854—1, 291). 

Las Bela. — A circuinstantial account, derived from a native 
inhabitant of Karacln, has becTi given by (he la iTostii (456 ~2) of the 
occurrence of copper ore at a locality 21 iniles to the southward of 
Bela, identified by Cri('.sbach (708- i, 57) os Shah Bullawl 
(25® 45': G7® O'). The ore on Ixung smelted is said to have yielded 
50 per cent, of metal (B. 264). 

(luettn-rishhu — Both Hutton (900 - h, 581) and Cri(\sbarh (708 
— 4, 57) mention the occurrcjice of poor ores of coppiu: asso(‘iated 
with white (.]uartz in the KojAn-AnjiAN k.vncu (B. 205). 

Sarawan. — (^oncretions of tnalcu-liite and azurite, in some cases 
with a core of copper glance, were found by Vvedonburg (1854 
210) in the talus of Eocene coal mc^asnix's between Ziarat and JouAN 
(29® 20': 07® O'). 


BLNOAL. 

Darjeeling. — Campbell (269) annoiumed the dis(*ov(‘ry in 1854 of 
co])per ore at Pashok (,scc below), about 20 mih^s from Darjeeling 
on the road to Kalirnpong. In 1874 iVlalh‘t (1159--'>, 09) examined 
all the known occurrences of the ore, and desci’ib(‘d tlu'. character of 
the deposits and the native methods of working tiierti. The latter 
liave also been described by H. Y. Blanford (147 — 7). 

The ores are of low grade, and (‘oiisist of copp(n’ pyrites, generally 
associated with iron pyrites, disseminated tlirougli the slates and 
schists of the Haling series. 'Chey do not occur in true lodes. Tluur 
treatment consists in four processes: — (1) The or(^ is tlioroughly 
pounded and washed. (2) It is smelted with charcoal in a primitive 
furnace, so as to form a regiilus, the slag being removed at intervals 
by cooling the surface of the molten mass with a wisp of wet straw. 
(3) The regulus is pounded and mixed with cowdiing, made into balls, 
and roasted with free access of air. (4) The roasted powder is re- 
smelted in the original furnace (B. 274). 
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The localities that liavo been examiucd are : — 

Chel 11, (26'^ 58': 88° 46'). Seam exposed in bed of river. Said 
to be 4 ins. t(| a foot in width, and to consist of solid ore. 

Kalimpoxo (27° 4'; 88° 33'). The juine is situated about 2 
mileKS to the N. E. of the station. The ore occurs in small irregular 
seams of quartz, and bands of very hard quartzite. The proportion 
of ore is very small. Abandoned on account of the hardness of the 
rock. 

Kom'ai (27° ]': 88° 51'). Not mentioned by Mallet. The copper- 
bearing band is exposed on the left bank of tlie Mo (4ni. According 
to Hayden (793 — lO), the ore is distributed in fairly large masses, 
in bands from 2 to 4 ft. in thickness, through slates. A sample from 
a prospecting drift yielded on assay 3*5 per cent. Cu and 1 dwt. 
8 grs. of gold per ton. A picked sample gave 26 per cent. Cu. 

Mahanadt (26° 52': 88° 25'). At an old mine here the ore occurs 
in hornblende schist with quartz- and chlorite-schist, in little strings 
and clustered partich^s. Width about 2 ft. 

Mangptuj (26° 58': 88° 28'). This mine, situated on the left 
bank of tlic Teesta 'U., was the only one being worked at the time 
of Mallet s visit. The ore occurs in lenticular layers, up to a foot 
thick, in a band of clay slate about 3 ft, thick. Traces of ore were 
found throughout a total thickness of about 200 ft. of strata. The 
average yield is said to bo about 4 per cent. The output for a year 
is said to have bec]i about 5,760 lb. of metal. 

Mangwa (27° 3': 88° 28'), Specimens of iron pyrites examined 
by Piddington (1405 — OS, 479) camtaimM traces of copper. Similar 
traces were found in specimens of hornblende rock from Pankauaiu 
(26° 50': 88° 20'). 

Pashok (27° 4': 88° 27' 30"). The ore occurs in quartzose horn- 
blendic-schist, and is very sparsely disseminated. Attempts to 
work the deposit between the years .1854 and 1870 proved unsuccess- 
ful. On assay by Piddingtoii (1405 — G3 ; — 70) tlie rock in bulk yield- 
ed only 1*357 per cent. Cii. (npper ore is also said to have been 
found near tlie head of the Rangbong stream, W. of Pasliok. 

Rani Hat (26" 51': 88"" 21'). Copper ore occurs at two places. 
(1) In the bank of tlie Rani stream, about a mile above Rani Hat, 
iron pyrites with traces of copper is disseminated through quartz- 
and hornblende-schist. (2) Near the head of the Chochi stream 
1,100 ft. above and a mile N. of Rani Hat, copper ore has been 
worked rather extensively. The ore stratum averages about 18 ins. 
in thickness, and has been proved to a distance of over 90 ft. along 
I ho dip. 
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He Unc! (27 0 : 88 33 ). ;\ trial drift Ikmo, sliowcd clay tilatc 
with interbandcd layers of quartzite containing small quantities of 
copper pyrites. 

Sampthar (26° 58': 88° 34'). Thin lenticular layers of (purtz, 
containing copper and iron pyrites, have been e.xposed by a landslip in 
a ravine joining the Lisu to the 8. of the village. 

Yongei Hill (26° 57': 88° 34'). Described by Mallet ( 1159 — 31 ) 
in 1882, when the mine had recently been opened. It is situated on 
the west slope of the hill at an elevation of about 2,500 ft. The 
cupriferous seam was 7 to 8 ins. thick, but occasionally thinned ter 
1 or 2 ins. The ore occurred in (juartzose layers interbandcd with 
clay slate, and contained a considerabh', proportion of iron pyrites. 
A sample on assay yielded 1-5 per cent. Cn, and a picked specimen 
6-6 per cent, 

.lalpaiguri.— Baxa (26° 45': 80“ 38'). Copper pyrites has been 
found, but not worked, at a spot on the hillside half a mile to the 
VV. of Baxa (Mallet, 1159 — <>, 79). The ore occurs with iron {pyrites 
ill qiiartzose layers in a greeiiislis late. 

BHUTAN. 

CirAMURCiii (26^ 54': 89^ I T). C()])])er ore is said to have been 

found near this place, but the locality has jiot beiMi visited (Mallet, 
1159 - 0 , 79). 

BIHAR AND ORISSA. 

A sinninary of information relative to the existence of (‘opj)er 
ores in Chota Nagpur, compiled from various sources, was published 
by King and Pope (989, 95) in 1891. 

Hazaribagh. — Pahagonda (24*^ 5' : 8(P 7'). Accounts of exten- 
sive ancient copper workings at this locality have beam given by 
McClelland (1117 — ^3, 23) and Smith (1655— 2, 97). The excava- 
tions extend for about three ((uarters of a mile, with an average 
width of 25 or 30 yds., along a low ridge composed of ([uartzite as- 
sociated with gneiss, garnetiferous mica and talc scliist, and liornblende 
schist. (yopper pyrites, with galena and zinc blende, is lound dis- 
seminated in small lenticular nodules tb rough the schists, or 
penetrating veins of pellucid quartz. Picked specimens assayed by 
Piddington (1405—55) yielded 34-JO Cu : 33-98 and 31*42 8 per 
cent. A carefully selected average sample assayed by Mallet (1159 50, 

24) yielded 3*04 per cent. CTi. (B. 254). 

In a more recent account (1895), Oates (1315, 43>9) states that the 
deposits consist of strings and bunches of copper pyrites permeat- 
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ing garnetiferous mica schists. The thickness of the cupriferous 
band varies from 7 to 22 feet. Assays of average samples of the 
ore yielded from 1 to To per cent. Ou. 

Several attempts have been made within the last 60 years to re- 
open the old worldngs, but have hitherto been attended with no 
pemianent success. King (987 — 43 , 250) records that in 1888 the 
Bengal Baragimda Copper Co. turned out 218 tons of refined copper. 

(lULCo (24'^ 24' : 86^ 25' 30"). Mallet (1159 — 7, 34) mentions the 
occurrence of minute particles of copper pyi’ites with galena in a 
rock consisting of a mixture of garnet and coccolite, exposed in 
the bed of the Patru stream, to the N. E. of the village. 

ItLanbliiift). — Ball (71 — 8, 76) has rei^orded the discovery of 
ancient excavations in search of cojipcr at PunDA (22^ 59' : 86^ 39') 
and KALTAiseuR (23'' 2' : 86^-' 7'). The only signs left of the presence 
of the ore were incrustations of the carbonates of copper on the 
schist and quartz debris (B. 246). 

PaiaitKUi. — Some traces of copper ore were found in sinking a 
well at Daltonganj (24^ 2' : 84'^ 7'), disseminated in beds of schis- 
tose gneiss (Ball, 71 — 32, 125 ; B. 256). 

Santal l*argaiias. — IC miiuki (24^ 35' : 86'"'' B)'). A report on spe- 
cimens of copper ore from this locality, which is close to the East 
Indian railway, was diawii up by Piddington ( 1405 - “ 41 ), in 1851. 
The ore forms a red or liver-coloured mass, consisting of a mixture of 
cuprite, chalcopyrite, and tetrahodrite, with green carbonate of 
copper and galena. On assay the ores yielded from 20 to 40 per 
cent. (Ju, and several of the samples contained traces of silver. 

Excavations made by Shcrwill (1625 — 15, 34) showed that the 
ore occurs in narrow veins running east and west along the strike 
of hornblendic schists and gneiss, also permeating the latter. Small 
strings of galena tixivei’se the ore bodies frotn north to south. The 
deposit was traced for a distance of JOG feet (B. 244). 

Acconiing to Mallet ( 1159 — r>0, 25), the ojc occurs in a discon- 
tinuous baiid of ti emolite schist, varying in width from a fcAV inches 
to 6 or 8 ft., enclosed in gneiss which is highly garjietiferous in places. 
The veins had been followed to a depth of over 150 ft. The ores 
were copper pyrites and purple copper, forming small lenticular 
masses parallel to the foliation of th^^ schist, the former predomin- 
ating in the lower part of the mine. Only a few tons were extracted, 
and the ore-bearing stratum is said to be very poor. 

Bodh Bandh (24'^ 0' ; 86‘^ 55'). A discovery of copper pyrites 
in the bed of the Ajai R., to the N. E. of the village, is mentioned 
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by Sherwill (1625— if., 10, 40). The ore is said to be of ..oor oualiLv 
(B. 244). 1 1 .y 


Slnghhlnini.— The first allusion to- the. existence of copper ores 
in Singlibhum was made by Jones (966—1, 170) in 1829; but the 
remains of ancient excavations, which have been traced at frequent 
intervals for a distance of more than 80 miles, along a Lelt of country 
reaching from the Bamini 11. near DuARrAK.AJvi (22° 15' JO"; 85° 58') 
through Kharsawan, Seraikela, and Dhalbhum to Bitaik.uiora (22° 
16' 30": 86° 46' 30") on the borders of Mavurbhanj. as well as imm- 
crous heaps of slag, bear witness to the fact that the <lej)usits had 
long been known and exploited. This ancient mining industty has 
been attributed by Ball (71— r.) to the Seraks, or lay Jains, who may 
perhaps have discovered the ores some 2,000 years ago. 

(Several accounts of the depo.sits, and of attempts made to work 
them in more recent times, have been publi.shed. 'J'hese ai(. : — 

1851. Haughtou (785—1, H2). Describes the old workings 
in Kharsawan. A small (|uantity of copper, not amount- 
ing to 2 tons armually, was being produced in Seraikela and 
Dhalbhum. 

1854. Ricketts (1481 — l). A brief account of the old workings. 

1855. Riddington (1405— 7 ;s) (Hves rosultos of oxporiuicjital 
siriclting of copper slags sent to Swansea. The average 
yield of copper w^as 39*25 per cent. Tlio slags contained 
about 50 per cent. Fo, which rendered tlunn ver\' ndraf'torw. 

. 1857.") f (ini- 1) “1 F‘^’1 accounts of the geology of 

J>Stoehr<^ ^ the copper belt and mode of 

1801. J 1^(1711 — 'll J occiiiTcnce of the ooxs. An 

abstract of these papers was jiublislied in tlie Records, 
Geological Survey of India (Vo). Ill, p, 80) in 1870. 

1857 — 1858. Durrschmidt (519 — i; -~2). Mainly a brief 

resume of llaughtou's and Stoclir’s observations. 

1870. r (71 — 9) / A complete account of the old 

C Ball < -< worki]igs and of tlie geology 

1881. J (.(71—46, 143) ( of the region. In the earlier 

paper a list of localities is given at ]). 100, with notes on 
the character ot the ores ol)served at the outcrop, and of 
the rocks i)i which they occur, 

1895. Oates (1315). A brief account of the copper belt, 
and history of attempts made to work the deposits. 

1907—1909. Holland (869--~60, 33; —to;, 29; 35). Ke- 

ports on the progress of prospecting wof'k carried out by 
means of borings. 
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1910. Holland and Fermor ( 861 , 234). A brief summaiy of 
the results of prospecting operations. 

The ores are developed along a well defined horizon, near the 
base of the Dharwar (sub-metamorphic) series, either disseminated 
through muscovite and chlorite-qiiartz-schists, or forming indefinite 
lodes coincidiivg in direction with the bedding planes of the schists. 
They consist in depth of copper pyrites, but near the surface have 
been converted into carbonates and oxides. From those super- 
ficial deposits the ancients derived their supply of ore (B, 247). 

Mining in recent times has been carried on, and experiments 
made iii order to test the value of the deposits, at the following 
localities : — 

JAiMJUKA (22^ 43' 30" : 80^^ 10'). Worked by the Singhbhum 
Copper Co., 1857-59. A very rich band of malachite was 
followed to a depth of 15 fathoms. 

Koijomdiha (22^’ 4G' 30": 85"^ 53'). Jioring. A lode 8 ft. 
thick, assaying 5*10 ])eL‘ cent. Cu, was struck at 392 ft. 
from the surface. Further to the deep, at 1,009 ft., the 
lode was I ft. thick, carrying 1’82 j)er cent. (hi. 

Landu or Naduc (22"^ 44' : 80''" 15'). 8(3veTal mines in the 
neiglibourhood were worked by the Singhblium Copper 
Co. in 1857-59, and again in 1862-04. The ores were 
copper glance and malachite in lodes up to 3 ft. thick. 
'fliC average yield of e()])per was 0 per cent. A recent 
boring here passed through a lode 11 ins. thick, carrying 
3'33 per cent, (hi, at a depth of 197 feet. 

Laukisra (22" 32' : 80'^ 30'). Horiug, Three bauds of ore were 
passed through : — 


Depth. 

Thickness. 

l’orc(*uta;...(0 of 

COpp(W. 

i 

1 

f(. 

i ft. 

1 

ins. 


030 i 

JO 

10 

1 2-(35 

1G9 

J 

10 

1 

2-lS 

179 

4 

8 j 

1*37 


Matigara (22° 38' 30" : 8(5° 26'). Worked by the Kajdoha 
Copper Co. from 1891 to 1908, when the Cape Copper Co. 
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obtained an option on the property. Borings have passed 
through five bands of ore : — 




Depth. 

ft. ins. 

i 

1 

! Ti lick ness. 

1 

1 ft. ins. 

Poroentago nf 
copper. 

1 r 

1 .... 

093 0 

: 3 2 

2*00 

2 .... 

097 0 

1 3 8 

1 -29 

:3 .... 

733 5 

I 1 

1 . 

101 

4 .... 

736 1 

i 0 3 

1 

12-81 

. 

730 5 

2 0 

0-42 

1 


Raj DO HA (22^ 42' : 8(f 21'). Worked by iJie Rajdoha (!oppor 
Vo. since 1891. Two workable oj‘e bodies hav(‘ Ix'.on iriet with in a 
(‘.opper permeated formation o59 ft. thick. These are 2 ft. and :> ft. 
thick, carrying 4'5 to 5*5 and 13*5 per cent, of iH)pper respectivcdy. 

Regadui (22° 47' ; 85° 48'). Boring. A lode 13 ins. thick, 
assaying 0*01 per cent. Cu., was met with at a de})th of ]!)7 feet. 

The amount of copper ore ju'odnced in Si])ghbhii.i)i rose from 
7 tons in 1909 to 8,984 toiis in 1912, mainly dm^ to the rcsnit; of pros- 
pecting operations by tlie Cape (\>])pei' Co. at Matigaiu. The 
average annua] output for the jLV(‘ years 1909 to 1913 was 3,115 tons. 
Tlie amount produced iu 1915 was 8,010 iotis. 

BO.MBAY. 

Ahtiiaduagiir. — ^Sma]l (piantitios of c(1f)))er ore are said to l>e 
obtained by washing the sand of a stream at Rasia (18° 20' : 71° 59'). 
The source of the 0 J*e is not known (35 

Hijapiir. — Traces of copper ore were noted by Aytoiin 
57) on the laminae of talcose limestone at IvACfinEDAWi (? KirAjji- 
DONi, 16° 10': 75° 31'), .4 miles from Kaladgi. 

Dliarwar.— Newbold (1291—29, 150) mentions having found 

small fraginents of copper ore in the Dhoni stkeAxU (15° 18' : 75° 47'), 
flowing from the Kappatgode hills ; and small quantities of copper 
pyrites were found by Foote (596 — li, 140) near Suktur (15° 15': 
75° 40' 30"), in the same neighbourhood (B. 204), 
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Kathiawar. — A tliin vein of quartz containing copper pyrites 
very sparingly associated with galena was seen by Fedden (569 — 6, 
134) traversing basalt at Banej-nes (? 21° 2' : 70' 59'), on the 
Machundri K., in the (Jir hills. 

Jacob (924 — 2, 87) states that copper ore is said to be found in 
the hillls running south from Bhudli (?), and near Nawanagar 
(22° 28' : 70° 8'). 

Katiiagiri.— Copper pyrites was found by Aytoun (51 — 3, 83) 
in a quartz vein at Vincorla headland (15° 51' : 73° 40'). 

BURMA. 

Amherst.— O’Riley (1340 — o, 23; — 7, 27) states that he found 
heaps of copper slag at Kyiek Myram, a day's joimicy from Maul- 
mein, and at tAvo other localities further to the south. No ore was seen 
in situ. Fryar, in a letter to the Commissioner of Tenasserim, dated 
26th July, 1873, mentions having visited a deposit of copper ore on 
the Megathat (15° 25' : 98° 20'), a tributary of the Ataran R. (B. 
279). 

A vein of oie containing silver, antimony, and copper is men- 
tioned by Heifer (808 — l, 14) as occurring in the Ihigah range, 
between the Salween and Thon-khan rivers. 

Chimlwin (Lower).— The remains of an old copper mine are men- 
tioned by Jones (952 — 4, 176) as occurring among volcanic rocks on 
Letpadaung hill (22° 5' : 95° 8'), 3 miles to the W. of the Chind- 
win R. at Monywa, Stains of green carbonate were the only signs 
visible of tlie presence of copper. 

Hyaiikpyii.— Some ncdules found by ACilliams on Round I. (18° 
42': 93° 52'), to the S. E. of Ched’iba, and described by Piddington 
(1405— 14) and Mornay (1254 — 2) as cmisisting of native copper, were 
shown by Mallet (1159 — 14, 222) to be an artificial alloy of copper and 
tin (B. 278). 

Mergui. — Heifer (808— c>, 180 ; — T, 309) .states tliat copper ore 
has been found on Kala Kyatik I, near Mergui, in gneiss; and on 
Lampki or Sullivan I. (10° 60' ; 98° 12') in quartz veins traversing 
clay slate (B. 280). 

Sagaiiig. — Trace.s of copper carbonate are said by Oldham (1326 
— 17, 324) to occur at Ykoa (21° 69' ; 95° 59'), in hornblendic slaty 
rock at the contact with a highly crystalline igneous dyke, Tho 
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yield is said to be about 5 per cent. Ou. A spocimen of malachite from 
assayed by Prinsep (1436—10, 15) which may have come from 
this locality, yielded 18‘5 per cent. Cu. 


- Salwccu.— A specimen of copper ore obtained by O'Riley from a 
locality on the Yunz.vlin R. was assayed by Waldie (1866—4), 
and described under the name of O’liileyite. The pn’ncipal comsti- 
tuents were (average of 2 samples) :—Fe--:..;i9-29 ; ('u= ld-5b : 
As=35-57 per cent. One of the specimens contained 0-09C) per cent, 
of silver (B. 278). 

Theobald (1763 — lO, 94) reproduces a skel(;h map compiled by 
O'Riley showing two localities for co})per ore on the western side of 
the Yunzalin R., not far above its junction with the galween (17° 
20': 97° 44'). He also mentions the discovery by Foley of fragments 
of green carbonate of copper in the Botanng hills, 90 miles N. N. E, 
from Maulmein (B. 280). 

Shall States (X.). — Minute grains of chaleopyrite, disseminated 
through the country rock, arc found in association with galena at 
the silver-lead mines of B,\wdwin (23° 7' : 97° 20' .3v)") in the Tawng 
Feng State. Thin films of malachite and azuritc, resulting from the 
decomposition of the pyrites, also occur ns incru.stations along tlie 
shear planes of the rocks (La Touche and Brown, 1085 , 256). 

An appreciable output of copper me from the Bawdwin mines, 
worked by the Burma t'orporation, Ltd., has brnm recorded since 
the year 1912. The total amount rai.sed during the four years 
1912-15 was 2,573 tons. 

Mounds of copper slag were found by La Touche (1034 — 4 5, 
371) near the village of Lot Mr (23° 6' : 97° 19') about 3 miles to the 
W. of Bawdwin. No traces of the ore could be found in silu. 

Fermor (577 — 0) records the receipt of s])ecimens of schistose 
slate and vein quartz with chalcopvrite, ehrysocolla, and malachite 
from near Lktpandaw (22° 24' 30": 96° 23') in the Mong Long State. 

Shan States (S.). — Green carbonate of coj)per is worked, accord- 
ing to Jones ( 952 — 4 , 194), at Kyauktat (Kyawk Htap, 20'' 51': 
OC" 49'), and is said to yield 5 viss (about 18 lb.) of eoj)j)er to two 
baskets of ore. The locality was not visited. Copjier oie is also 
said to occur at Taunglebyin (20'' 40' : 96"^ 29'). 

Middleiniss (1219 — 22, 150) records the occurnmcc of antimonial 
tetrahedrite with azurite and malachite at a number of isolated 
places round Yataung hill (20° 57' : 90° 38'), 4 miles to N. £». by 
of Myinkyardo. Surface workings were being carried on at 
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Ganaingya, 1| miles to tlie north. The ore occurs in limestone, in 
thin veins coinciding with the bedding planes. Copper ore is also 
said to occur 4 miles to W. N. W. of Magvve (20^^ 38' ; 96° 36'), and 
in the stream beds near Kwe-ma-.sa (20° 43' : 96° 32'). 

CENTRAL INDIA AGENCY. 

% 

Gwalior. — Traces of malachite and azurite are reported by H. 
(J. Jones (see La Touche, 1034 — 39 , 113) to have been found in a 
prospecting trench 21 miles to the W. of Karhia (25° 54' : 78° 4'). 

Indore. — Remains of old excavations in search of copper ore, 
and mounds of copper slag, were found by Bose (173—5. 69) at 
Tamkuan (22° 27' 30" ; 76° 53' 30"). The ore appears to have been 
worked out. The veins are said to have been 4 to 5 ft. wide, and to 
extend for about half a mile. Copper stains were also found in 
veins between Kharia (22° 20': 76° 46'), and Jtwani, 3 miles to the 
8. E., but no copper pyrites was seen in situ (see Holland, 859 — 1>6, 49). 

Rewah. — An old copper mine, .situated about Ij miles to the 
N". E. of CuKUKA (24° 5' : 81° 21' 30"), has been described by Oldham 
( 1325 , 172). The workings were apparently of considerable dej)th ; 
but only stains of green carbonate were visible on the rocks forming 
the sides of the cutting. 

No traces of copper ore were found by the Geological Survev 
oflicers near Bakdt (24° 33': 82° 26') or Tagwa (24° 16' 30"“; 
82° 1 '), localities marked on Sherwili’s map of Bengal (1625 — 11 ) as 
the sites of copper mines (B. 258). 

CENTRAL PROVINCES. 

Bulaghat. — Excavations apparently made in search of copper 
ore, in a quartz reef forming a ridge at Malanjkhanbi (22° 1' ‘60" : 
80° 47'), have been described by King (987—34). No indica- 
tiems of a lode were seen, but only small strings and incrustations of 
copper carbonate on the sides of the pits. 


Chanda.— Thana Wasa (19° 51' : 79° 48') is marked on the 
Atlas of India as the site of an old copper mine, but no further in- 
formation is available (B. 257). 

Drug. — Small quantities of green carbonate of copper were noted 
by Blanford ( 148 — 23) in a quartz vein containing galena, exposed 
about 3 miles to the W. of Chicholi (21° 4' : 80° 44'). Similar 
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traces were found by Ball (71—28, 185) in a (uiartz vein at W.vr.\r. 
BAND (2l“ 4' : 80° 53' 30"), 16 milc.s to the E, of the thicholi ontcrop 
(B. 256). ‘ 


.lubbulporc.— Copper pyrites associated with galena was di.s. 
covered by Olpherts in the outcrop of a bed of (luart/ite, 2 miles to 
the N. of Slkemanabad (23° 38' 30" ; 80° 19'), in 'l870. Hughes 
(888—6) considered that there was no indication of a true lode, 'and 
that the deposit was of little value (B. 257). 

Recent prospecting work has shown (see Eng. Min, Journ., 
6o7) that tlie ore occurs in veins traversing dolomites 
of Dharwar age. Seven veins were disclosed, two of which mea* 
sured 3 ft. and 4 ft. in width respectively. Selected samples of the 
ore were found to be very ricli in silver, containing up to 200 oz. 
per ton. The results of the operations were not satisfactory, and the 
'works were closed (861, 23(1). 


Xarsinghpiir.—Ball (71—17) has described a deposit of cop|)or 
ore discovered by Maynard in 1873 on an island in the Narbada R. 
close to Birman Ghat (23"^^ 2' : 79^'’ 5'). The ore consists of azurite 
and malachite with grey and red oxides of copper, and is (lissemina- 
ted through Bijawar schists, over a width of 0 to 14 foot. 'Flie 
presence of the ores was traced for a distance of 100 yards. Five 
specimens assayed by Tween yielded on the average 27*8 per cent. 
(Ju. Two specimens assayed at the Mint yielded 32*75 and 23*1 
per cent, of copper respectively (B. 257). 

HYDERABAD. 

Waraugui. — Traces of copper ore are stated by Walker (1868 — 
Tj, 183) to occur in granite at Nalgonda (17'^ 3' : 79'^ 19') ; and copjier 
ore is vsaid to have been mined on an island below Yp.loitrrup (?) 
in the Ramghir Sircar (B. 244). 

KASHMIR. 

BalHstan. — Specimens of copper glance and copper pyrites have 
been received from Rojndu (34"^ 24' : 77^^' 51'), but nothing appears 
to be known regarding their mode of occurrence (LydekkfT', 1109 — 
'iS, 334). 

Kashmir. — An old copper mine at Harpat Nao (33'^ 50' ; Tif 
23' .30") near Eishmakani is mentioned by Vigne (1846—4, Vol. II, 
5). The ore occurs in a quartzose rock, which is much stained by 
the carbonates. 
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Zaugskar ^ ^ 

(Zaskar) j * — Large masses of native copper are 

Lydekker (1109 — 22, 40 ; — 38, 334) to have been found 
Zangskar K., wlicre it crosses the Tertiary rocks N. of the 
of 34^, during the summer of 1878. La Touche (1034-- 
was informed that the copper is found considerably higlicr 
river, near Yklchong, (33'' 55' : 76" 58'), where it flows in 
gorge through rocks ol Triassic 


stated by 

in the 
parallel 
U, 67) 
up the 
a deep 


he existence of copper ores 
in the district liad previously been conjectured by (hinningham 
(399 — 5, 234), who pointed out that tlie name Zangskar is derived 
from zattijs, signifying copper (B. 267). 


MADRAS. 

Bcllary. — Newbold has given three accounts (1294—13, 125 ; 
— 29 , 150; — 43 , 514) of the occurrence of green carbonate of 
copper on a ridge below the southern scarp of the Loppicr Mountain, 
5 miles to the W. of Bellary. He says that there is no distinct 
lode, but that thin layers of the ore are iiiterlaminated with ferruginous 
slates. Excavations made under the orders of Hyder Ali on the crest 
of the mountain in search of copper ore were then visible (B. 241). 

.Foote, in 1896 (596—30, 197), could find no traces of copper ore 
on the mountain, but he mentions (I c. pp. 172, 198) the occur- 
rence of thin films and veinlets of the green carbonate permeating 
the quartz of a reef about a mile to N. N. W. of Harappanahalli 
(14" 47' 30": 76" 2' 30"), Avliere there are traces of an old mine. Copper 
stains were also found in a brecciated quartz reef at the crest of the 
Siddapan Koiida ridge, 2-J miles E. by N. of IIallaloundi (15" 
29' : 77" 7'). 


— A quartz reef near IIaoabanatta (Adapull- 
NATTA, 11" 57' : 77" 22'), formerly worked for gold, was foinid by 
Hayden (793 -7, 62) to contain copper pyrites, malachite and 
boriiite in fairly ])romising quantities. Samples from a newly 
opened portion of the reef near the surface yielded about 3 per cent. 
Cu. The old workings are fairly extensive, though not more tlian 
20 ft. deep. 

Cudiiapali.— Traces of copper ore are mentioned by Newbold 
(1294—29, 150) and Foote {me King, 987—7, 270) as occurring in 
the old lead ni nes at Jangamrajpilli or Baswapur (14" 46' : 78" 
57') in the Nallamalai hills. Cupreous stains and apparent impres- 
sions of copper pyrites arc seen in strings of white quartz penetra- 
ting beds of silice<)us limestone (B. 240). 
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Ciuntur. — Gantlapalem or Agnigundala (IG*’ 11' ; 79^^ ig') 
Malachite and aznrito occur as films on the joint planes of a bed 
of very coarse granular quartzite close to tlie village, accordiivT to 
Foote {see King, 987—7, 269). Extensive mining operations had been 
carried on in former times, 'fhe localitv was visited by Hevne 
{834—2, 108) in 1797 (B. 241). ^ ‘ ' 

Kiirnool.— Copper ores have been de.seribed by Foote {sec Kin", 
987—7, 268) as occurring at the following localities 

Gumankonda (15° 38' 30" : 78° 21'). In an old pit .sujik in a 
quartz vein at the western end of the valley, fragments of 
quartz coated with thin films of malachite were found. 
The vein appeared to have been entirely worked out (B. 
240). 

SOMADALPILU (SoMAY.\zULAPAixr, 15° 35' ; 78° 14'). Minute 
grains of copper pyrites and thin films of the carbonate 
were observed in a quartz vein, 4| to 5 ft, thick, at 
the foot of the hills E. of the village (B. 241). 

In the Kurnool Manual (675, 9G) it is stated that cop])er ore was 
formerly worked near Gani (1.5° 40' : 78° 22' 30"), and that bell 
metal was manufactured here in the days of Rama R.aja, a jaghirdar 
under the Vijayanagar dynasty. 'Fraces of copper ore are also said 
to occur in Gu.tjal.\konda (15° 45': 79° 27'), and in Koumemarbi 
(1.5° 12'; 77° 55' 30"). 


Ncllore.— The existence of old co})per workings on an extensive 
scale -in Nellore was fir,st broiight to notice by Heyne, who visited 
the di.strict in 1800 and publi.shed his account in 1814 (834—2, 108). 
In the previous year Thom.son, in a paper read before^ the Royal 
Society (1776 — i), had dcscribcrl spccimcps of the ore eollccted by 
Heyne, and to one of these, coa.sidcred to be an anhydrt)us carbo- 
nate of copper, he had given the name My.sorin. 'I'he old mines were 
worked at a number of localities in the neighbourhood of Gari- 
manipenta or Ganipenta (14'° 59' 30" : 79° 37'), and have been 
described by the following writers ; — • 

1829. Caldcr (260—1, 9). The old mine.s are mentioned, 
and the ore is said to yield from 50 to 60 per coit. of 
copper. 

1833. Kerr ( 982 ). A note on specimen.s of_the, ore, 

1835. Prinsep (1436—24; -27). Quotes an account by 
Kerr of the old workings, and of an attempt made to 
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re-open the mines in 1831. Assays of 3 specimens of the 
ore are given, yielding 30*2, 39*5, and 69 per cent, 
of copper respectively. 

1842. Ouchtcrlony (1348 — 2). Eeport on unsuccessful at- 
tempts made to discover payable copper lodes in the 
disfrict. 

1842. Newbold ( 1294 — 29 , J51). A detailed account of the 
old mines at Garimanipenta and in tlie neighbourhood. 
The ores are said to occur as thin veins in hornblende 
schist. The most promising localities mentioned are 
Nilaoani, a quarter of a mile to the S., and Saligirj,. 
half a mile to the S. W. of Garimanipenta. 

1872. G. M, Oldham {see King, 987 — 7 , 270). Describes the 
'i(i^)de of occurrence of the ore. Thin bands of the green 
carbonate, running through horiiblende schists, were 
traced at intervals for a divStance of more than a mile. 

1873. Boswell (174, 60). Gives a brief history of recent 
attempts made to work the mines. 

1879. Mallet ( 1159 — 19 ). Shows that the mineral des- 
cribed as Mysorin by Thomson is an impure malachite, 
owing its dark colour to ferric oxide and chalcocite. 

1880. l\jng (987 — n, 185). A detailed description of the 
geology of the locality and mode of occiirren e of the ore. 
An account of |)rospecting operations recently carried 
out by Lavclle is quot(d. These, like all the attempts 
previously made, wore confined to the oxidised ores 
lying near the surface ; and it is pointed out by King 
that the existence or otherwise of payable ore at a 
greater depth than 60 ft. has not been proved. 

The surface ores, according to King, consist mainly of a mixture 
of chrysocolla, chalcocite. and malachite, with small (juantities of 
copper pyrites. They occur iu a band of hornblendic and garneti* 
ferous schist, with which are associated intrusive sheets of trap. 
The ore is found chiefly iu the trajq iu strings and irregular masses, 
but there is no continuous lode. 

Assays of 3 samples forwarded to Londom by Lavelle yielded 
28*76, over 50, and 54 per cent, of copper respectively (B. 242). 

Minute traces of malachite were detected by Foote (696 — 17 , 
103) at the northern end of a quartzite ridge near Gogulapalli (15° 
15' 30" : 79" 22' 30"). 

Tricliiiiopoly. — Stains of copper carbonates on gneiss, and water- 
worn fragments of cupriferous veinstone, were found by Blanford 
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(147—8, 21G) near Olapadi (11^ 19' 30" : 79^ 9') arid Vapur (ir^ 19^ ; 
79^ 7' 30"). The ore was not found in situ (B. 210). 


MYSORR. 

diitaldroog.— Foote (59&— 34 , 53) niciitions old co;#per mines at 
Belligudda hill (14^ 19' : 76° 31'). The ore was aii earthy mala- 
chite, forming pockets of considerable size in soliists, and had been 
worked out. No signs of a lode were seen. 


NEPAL. 

Copper ores are known to occur in Nepal, but tlu^ localities have 
not been visited by a geologist. Medlicott (1197—31), 96) says that 
there are old mines on the northern side of the Slisagai’hi ridge (27° 
33': 85° 7'), and that they are situated near the jimetion of bexhled 
(piartzites with gneiss, along a broken anticlinal axis of flexure ; 
but he Avas not permitted to inspect tliem. Ihichanan-llamiltoii 
(222 — 3, 76) has described the process of smelting the ore, which 
is similar to that practised in the Darjeeling disti'ict (see under 
Bengal). A variety of tetrah(‘,drite obtained by Piddington (1405 — 
57 ), fi'oin a locality near Khatmandu, and named by him Nepaii- 
lite, was found by Mallet (1159 — 40 ) to contain 38-(;9 pm* cent, of 
copper (B. 272). 

PUNJAB. 

Kangra. — Gerard (650—3, 263) and Hutton (900—4, 575) mention 
a copper mine near Sungnam (31° 45' 30" : 78° 32') i*i Kauawar. 
The mine, according to Hutton, is situated between Siingnam and 
Kupa, at a height of about 4,000 ft. above the river Thanarm The 
ore occurs quartz veins traversing Cambrian schist. The amount 
extracted was small, not more than 12 cwt., in 1837. 

In Kulu the occurrence of cop])er ores at the folloAving localiticB 
is mentioned by (Calvert (265 — 3) 

p. 6. Chtsani (31° 48' : 77° 17'). Numerous old copper 
mines are to be seen oji the hillside above the village. 
It is said that the lode can be traced lor several miles. 
Henwood (823) examined the deposits in 1881, and 
says that copper pyrites is disseminated throughout the 
rocks over a wide area. 

p. 73. Jhart (32° 0' : 7'7° 18'). Mineral veins containing 
silver-lead and copper are said to abound in the neigh- 
bourhood, and there are many old workings. 
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p. 23. Maol (31^^ 55' : 77^^ IT). Large blocks of copper ore 
were found in the bed of the stream, but no lode was 
seen. 

p. 08. Saond (31^ 54' : IV 13'). Masses of copper ore 

wore scon on the slopes of Kot Kandi hill, above the 

vijjage. 

p. 71. Shatghar (31*^ 58' : IT 17'). Lodes of copper ore, 

hitherto unworked, were found in the bed of tlio stream. 

Patiala. — Bose (173 — 2i, 58) states that copper ores are widely 
distributed in the Narnaul district, occurring both in the Alwar 
quartzites and in tlie Arvali scries. Old mines are very numerous 
in the soutliern portion of the district, especially near Motaka 
(27^ 49' : 76"^ 8' 30"). Stains of malachite on quartz, phyllite, etc., 
were the only indications of ore met with. 


ipur 5 
taiige) J *" 


The oc urrence of nodules of copper pyrites in 
clay associated with the Speckled Sai\dstone 


Siiahpur 
(Sait Ran 

beds of variegated 
group has been noticed by Fleming (591 — r>, 257), Theobald (1763 
— 1, 661), and Wynne (1976 — 18, 91). Fleming says that they are 
most abunduTit on the scarp above Katua (32^^ 32' : 72^ 29'), 
The nodules vary from the size of a millet seed to that of a 
walnut, and consist of the sulphide with a coating of carbonate of 
copper. The quantity is insigTiificaiit ; in fact, Wynne could find 
none of the nodules in siiii (B. 266). 


Simla, — An old copper mim exists near 8olan 55' : 77'' 10'), 
in the Simla Slate series ; but no information regarding it has been 
published (B. 266). 


RAJPUTANA. 

Ajmer. — llacket (730—4, 217) observed traces of copper ore in 
the old iron workings near the jail at Ajmer. 

Prinsep (1436 — 24, 582) lias described s])ecimens of copper ore 
collected by Dixoii at three localities : — 

Guora (26'^ 30' 30" : 74^’ 45'). Malachite with carbonate of 
lead and galena. Vein 4 ins. wide. 

Rajauri (Rajosi, 26'^ 20' : 74^^44'). Micaceous and ferruginous 
carbonate of copper. 

Rajgarh (26^ 18' : 74^^ 41'). Rod oxide of copper Avith 
malachite and ? chrysocolla, associated with carbonate of 
iron (B. 263). 
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Alwar. Hacket (730 2 , 90 ; —4, 243) mentions the occurrence 
of copper ore at the following localities : — 

Baghani (?). Workings abandoned for many years. 

Bhang ABH (27'' C' : 7G° 21'). Two or throe small pits, fallen 
in. 

Daribo (27^ 10' : 70^ 27'). Adit driven aloi^g the strike of 
slates, through which copper i)yrites is disseminated. 
Occasionally rich pockets of ore are. met with. Traces 
of ore also occur in slates on a ridge a short distance to 
W. of the village. Andresen (31) says that the ore 
occurs in a fissure vein, with an average width of 20 ins., 
along the junction of quartzites with black slates; and 
that it is traceable for over half a mile, lie also describes 
the method of smelting the ore. 

jNDAWAs (27'' 21' 30" : 7()'' 22'). A long open cutting 20 to 
30 feet deep, from whicli tlie ore had been extracted. 

Jasingpura (27" 9' 30" : 70'" 28'). Traces of copper ore 
found. 

■ KusHALGARif (27" 25' : 7fi" 29' 3>0")5 Old workings, abandoned 

Pertabgaru 27" 15' : 70" 13') J for many y(*ars. 

Tasing (27" 53' : 7G" IG' 30"). Traces of copper ore were 
seen (B. 259). 

Bliaratpiir. — At Njthahar (2G" 58' : 77" G') a sliort level has been 
driven, and a small quantity of copper ore rais('d (Hacket, 730—4, 
247). Copper workings also foiinerly existed at Basawau (27" 2' : 
77" 7'), but iu low grade ore (A. K., 524- 2 ; B. 2G0). 

Bikaiier.—Powlett (1423-1, 82) states that copper ore is said to 
have been extracted from a Ir.l! near Puiadasar (28" 18'; 74" 22 ), 
but uot in paying quantities (B. 2G4). 

Buiidh- -Tracu'S of copper ore wei<*, seen by Hack(‘t (730- 4, 247) 
in a small pit sunk in quartzites, about 2 miles to the E. of ])atunj)A 
(25" 27' : 75" 30' 30"). A very snuxll quantity appears to liavc been 
raised (B. 2G4). 

Jaipur. — The following localities are nieutioned by Hacket (730 

243) and others : — 

Babai (27" 53' : 75" 49'). A few pits have been sunk, and a 
little copper ore was found disseminated through slates. 
The pits are said to be principally worked tor sehta, or 
ore of cobalt (B. 2G3). 
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Bagok, see Khetri. 

Garh (26° 40' : 76° 34'). Pit 20 or 30 feet deep. Traces of 
copper ore were found at the mouth of the pit, but none 
in the surrounding rocks. 

Khetri (28° 0' : 75° 51'). A full account of the mines has 
been given by Brooke (203 — 2). Hacket ( 730 — 4 , 245) 
■ says that they are situated near the crest of a ridge, 
about 500 feet above the plain. There are several 
shafts of considerable depth, leading to a gallery said to 
be upwards of 2 miles in length, and following the strike 
of the rocks. The ore, copper pyrites, occurs in small 
strings, and disseminated through the slates. Accord- 
ing to Brooke, the ore, freed from gangue, is finely 
})owdcred, mixed with cowulung, and roasted before being 
smelted. Iron slag is used as a flux. The metal is 
refined hy passing a strong current of air over it when in a 
molten state (B. 262). 

Lalsot (26'^ 34' : 76^ 23'). Traces of copper were seen near a 
small excavatiom 

Nabaho (27"^ 3' : 76"^ 20'). A few small pits have been sunk 
and a little ore extracted, 'fhc debris is stained w^ith 
copper. 

Singuana (28'^ 6': 75"^ 54'). The earliest description of these 
mines was published in 1831 (A. E., 524—2), and in 
1835 Pri]isep ( 1436 — 24 , 581) remarked on the character 
of the ore. Hacket ( 730 — 4 , 245) describes the mines 
as of large dimensions, excavated in a ridge of quartzite, 
several hundred feet above the level of the plain. Few 
traces of ore were seen, and these consisted of thin strings 
and nests of copper pyrites. The yield was from 2^ to 
7| per cent, of copper (B. 260). 

The mines were visited in 1913 by Heron [see Hayden, 793 — 
31 , 19), who reports that no copper is now produced, either 
here or at Khetri ; but that alum and soluble sulphates 
arc still manufactured from the efflorescence which covers 
the walls of the galleries. The ore does not appear to 
be by any means exhausted. 

Udhala (27"^ 0' 30" : 76^ 20' 30"), Stains of copper are visible 
on the debris surrounding a few small pits. 

(Spur) } -“Mandae (25° 26' 30" : 74° 38'). Old copper mines 
here are mentioned by Hardie (764 — 7, 89). 
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Rewara (25° 8' ; 74° 26'). A number of small pits has been 
sunk in schists for a distance of nearly a mile. Hacket (730— t, 247) 
thinks that, judging from the small quantity of slags found, \he 
amount of ore raised was not large (B. 263). 

Sirolii. — An old copper mine discovered by Major F. (’. Hughes 
near Rohira (24° 37' : 73° I' 30") is mentioned by (Iri’esbacli (708 — 
31, 45). There are large heaps of copper slag, but the e.Kcavations 
have been filled in. 'The ore, which contains a .small quantity of 
gold, occurs in pyritous schists. 

SIKKIM. 

Copper ores are found at a large number of localities in Sikkim, 
most of which were visited and rejrorted on by Bose (173 -16, 223) 
in 1891. The ores occur among Arcluean slates and schi.sts, known 
as the Baling series, in . the neighbourhood of great intrusions of 
gi'anite, and often form well defim*d lodes, though tliey arc also found 
in strings and nests permeating lenticles of quartz, 'riu'.y consist 
mainly of chalcopyrite, with iron pyrites, pyrrhotite, blende, and 
galena. The o.vidiscd zone, containing the carbonates azurite and 
malachite, etc., which is .so prominent in Singhbluim, is not so well 
developed here, owing to the rapid denudation of the surface along 
steep hill slopes under a heavy rainfall. 

The following list of localities includes, in adflition to those 
mentioned by Bose, several that have b(;en discovered as the result, 
of prospecting operations carried out in 1 907-08 : - 

Bam (27° 13' : 88° 17'). An ore-bearing band 6 ins. thick 
occurs in slaty .shales with quartz lenticles. Traces of 
the ore were found on both sides of the Risi stream. 

Barmiak (27° 13' : 88" 33'). 'rraces of cop])er in some de- 
tached blocks of quartzite. 

Bhotang (27° 11' : 88° 34'). There are .some fairly e.xtcn- 
sive old workings here, .situated in a precipitous .scaip of 
slaty rocks overlooking the Teesta R. Recent develop- 
ment work has .shown that there arc two ore bands, 
about 3 ft. and 2 ft. 6 ins. thick re.spectively, se])arated by 
about 10 ft. of slates, and that the.se are fairly persistent. 
The ore consists of pyrrhotite with varying quantities of 
chalcopyrite, zinc blende, and galena. An average sample 
is said to have yielded 12'21 per cent, of copper. 

Chumbong (27° 8' ; 88° 18'). Quartz veins, exposed by a 
landslip, are traversed by strings and nests of chalco- 
pyrite, which has also impregnated the slates on either side. 
The principal vein is about 4 ft. thick. 
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Da JONG (27"^ 18' : 88® 26'). Green copper stains are seen on 
cliffs. Chalcopyrite was also found in some quantity 
in quartzose rocks at a spot a mile and a half to the E. 
of this locality. 

Dentam (27® 15' : 88® IT). About 2 miles akmg the road to 
Peniionchi a large mass of gneiss below the path is im- 
pregnated with copper pyrites. 

Dikchu or Ljndok (27® 23' : 88® 38'). Kecent prospecting 
operations have disclosed a lode 3 ft. in width, carrying 
6*14 per cent, of copper. The lode has been followed 
for 200 ft. along the outcrop, and for 80 ft. in an adit, 
where it thickens to 40 ins., and contains 6*8 per cent, 
of copper. The ore here occurs in a zone of highly 
crystalline mica schist, between the Daling series and the 
Sikkim gneiss {see Hayden, 793 — 26, 74). 

JuGDUM (27® 10' 30" : 88®. 17'). At an old mine copper 
pyrites occurs in strings and nests in large lenticles of 
quartz. 

Lingui (27® 13' : 88® 42'). A cupriferous band about 100 yds. 
in length, and about 6 ft. thick, occurs in highly quartzose 
gneiss. 

MfK (27® 8' : 88® 24'). Strings of copper pyrites were ob- 
served in a large detached mass of quartzite. 

Mongbru (27® 17' : 88® 21'), Copper pyrites occurs in clay 
slates, about a mile to N. E. of the village. 

Pachiktiant (27® 12' : 88® 39'). Mines have been worked in 
two places, about a mile apart. The lode at the north- 
ern mine, open at tlie time of Bose/s visit, was about 3 ft, 
in width, and yielded on the average 12 per cent, of copper. 
This mine has recently been destroyed by a landslip. 

Lodes Avere found by Wilkinson (see 882 , 201) at the follow- 
ing places ill the neighbourliood of Pachikhani : — (1) On 
the road from Riingpo to Pakyong, 7 miles from the 
former locality, — (halc<q>yritc, concentrated in a zone of 
mica scliist 4 ft. wide, yielded an average of 4 per cent, 
Cu. (2) Near the bridge between Rungpo and Rhenok, — 
A quartzose vein averaging I ft. in width, carrying 3*97 
per cent. Cu. (3) Near Pakyong, — Tavo Amins, one contain- 
ing galena, the other 3*30 per cent. Cu. with lead, zinc, 
and iron sulpliides. 

Rangliohu (27 12' : 88® 48'). Fragments of schistose quartzite 
with particles of copper pyrites and ? bornite. Not found 
in situ. 
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Rathokhanx (27° 9' 30"__: 88° 17'). The mines hero were 
being worked in 1874, wIumi they were visited liy Mallet 
(1159—6, 75), who calls the place Rattu. The ore occurs 
in lenticles of (juartz, aoiuetimcs reaching large dimensiotrs, 
as well as dissoninated thrr>ngh the suri‘()uiulmg slates. 
These have been greatly shattered by faulting and pressure, 
and are full of water, so that mining is attended with 
g eat ddliculty. Recent development has shown that there 
is no,., continuoii.s lode. A sample selected by Mallet 
yielded OA per cent. ('u. More recent samiiles, taken at 
irregular intervals along a length of 500 ft., gave an 
average of 5-G per cent, of copper. 

RiNCiuMnoNG (27° 14' ; 88° 18'). Copper ores occur in clay 
slate, and have been worked on a small scale. 

SiRUONii (27° 11' ; 88° 19'). A lode of pyrrhotite with chalco- 
pyiite i.s e.vposed, with an average tlilckness of 2 ft. (1 ins. 
The average yield, over a length of 100 ft. of outcrop, 
was O' 45 per cent, of cojiper. 

'Ikmi (27° 14' : 88° 27'). Chalcopyrite was found in some 
abundance in very hard (luaitzitic rock; in the Rimjiichu, 
about 3 miles to W. N. W. of the village. 

Tukkiiani (27° 7' 3o" ; 88° 25'). The ore in some old mines 
here is said to have been of c.Kcellent ijuality, but the 
galleries have falhui in. 


UNITED PROVINCES. 

.4iinora and ^jiarlnval") „„ , , , 

, I- . — 4 he coiiner deposits of th<‘ Ivuinaon 

(Uumaou) J ' ^ 

division attracted a good deal of attention during the first half of 
the last century, when the native industry, which a[ii.‘ears to have 
liourished at the time of tlie Gurkha oecnpation of the eonntry, was 
in a moribund condition owing to the competition of imported 
copper in tl.e local markets. Several d(‘scri])tion,s of ike (,'!d mines, 
noted below, w’cre published ; but since the year 18o5, wdieii the 
last attempt was made to ascertain wliether they could be pro- 
fitably wmrkcd on modern lines, they received little attention till the 
hegi lining of the present century. It is therefon' not always po.ssiblc 
to identify the localities mentiontd by the earlier writers. The 
subject is dealt with, in the following papers and reporks : ^ 

1799. Hardwdeke (765,341) -) Mines at Dhaax-ur (30° 13': 
1810. Raper (1459,511) \ 

1828. Traill (1797— 3, 157) 3 
tioned. Traill also alludes 
30" : 80° 6') and Sjra (29° 
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79° 10') and Nacj ur (30° 19': 
79° 10') in Garhwal are men- 
to theese at Ganooi-I (29° 

48' : 80° 18') in Almoia. 
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1829. Herbert (827 — 0, 239). A general account of the 
mines. The ore at Dhanpur is said to yield from 30 
per cent, to 50 per cent^ Cu. The total production was 
about 2 1 tons annually. 

1835. McClelland (1117 — 2, 169, 180). The general condi- 
tions of the industry arc discussed, and a description is 
given of the methods of dressing and smelting the ore, which 
are similar to those practised in the Darjeeling district 
{see voider Bengal. )• 

1838. ilrummond (504 — l). A report on the mines at Rai 
( 29'^ 43' : 80^' 5') and Sira. In both the lode had been 
worked for a distance of about 60 fathoms, > and was 
said to have become richer in depth. 

1839. Glasfurd ( 664 ). Reports progress in opening out the 
old mines at PoKiu (30^ 21' : 79" 15' 30"). The yield is 
said to be 10 per cent, to 20 per cent, of copper. 

1842. Herbert (827 — 10, xevi, cxix). Mentions old copper 
workings at Pokri and SxRxV. 

1843, Lushington ( 1105 ). A final report on the prospecting 
operations carried out at Pokri between 1838 and 1841. 
Details are given of seven mines, apparently situated 
on a .single lode, which ia developed along the contact 
of talcoso schists with dolomite. The ore occurs at 
times in a well defined lode from 1 to 4 ft. thick ; but 
elsewhere in thin veins or strings distributed through 
50 or 60 feet of rock. 

1845. Reckendorf ( 1467 ). An optimistic but rather vague 
report ou the mines at Pokri and Dhanpur , 

1855. Beckett ( 94 , 73), Describes a mine at An Aoar (30" 
0' : 79" 20') near Lobha in Garhwal, and the process of 
smelting. Ore is said to occur in thin veins in a band 
of quarts; about 10 ft. in width. The yield is about 3 
per cent. Cu. 

1855. Henwood ( 825 — 1 ). A detailed report on the results 
of an inspection of the nines in both districts. The 
prospects of working them successfully on modern lines 
are not considered to be encouraging, except in the case of 
Al Agar, where further prospecting is recommended. 

1856. Barratt (80 — 1). Gives particulars of three new locali- 
ties, PiPULi, Pringlapani, and Marbugetti, in the 
Alaknanda valley, and an account of a visit to some of 
the old mines. 


136 



COPPER— CORDIERITE. 


1869, 1871. Lawder (1040— 1, 87; —2, 19). Mentions a 
number of localities, and describes specimens of tlio ore. 

1871. Honwood (825—3). A summary of the information 
gained during the inspection made in 1855. 

1877. Atkinson (48, 20). A summary of the, information 
given by previous writers, with a history oi the attempts 
made to work the mines under European* supervision. 

1902. Stephens (1684 - 2). An account of tlio geology 
and mineral resources of Kumaon. The copper depo- 
sits are classified as (o) Irregular de])osits, occurring in 
brecciated bands of lime, stone or dolmnite from 15 to 
30 ft., in width, traversed liy two sets of quartz veins at 
right angles to each other. The veins are impregnated 
with chalcopyrite in depth, and with carbonates and 
chalcocite near the surface. The ore is often concen- 
trated in bunches at the intersection of the veins. The 
yield is generally about 5 per cent. C'u. {h) Kegular depo- 
sits, occurring in a zone of talcose schists, associated with 
a band of limestoite extending for about 50 miles in a 
N. W. direction from riTii.‘\(50R,\ or Prnioi{A(i.\RH (29‘’ 
35' : 80” 16'). The. ore, consisting i.)f chalcopyrite, 
with carbonates and oxides near tlie surface, forms lodes 
from 2 to 6 ft. thick, and not ofteii more than 6 ft. in 
length, in the talcose schists, or between the latter and the 
lime.stone. 

Prospecting operations at Rai are described, and a map is 
annexed to tlie paper showing the ])osition of the chief 
localities at which tlie de])osits have been worked (B, 
267). 

i>chra Dun. — Blaue (145, 61) mentions a cojiper nvue, said to 
have been formerly worked, near Kai.si (30” 32' ; 77” 51'). 

JhansL — Saurai (24° 19' : 78' 50'). RoTed fragments of copper 
ore were found here in a fissure in Bijawar lim stone (Mallet, 1159 — 
2) No lode could be found in sihi. The o e, accord ng to Pid- 
Itington (1405 — 28), was the grey oxid ■ of copper, tetrah drite 
(B. 258). 

COPPERAS see SULPHATES— IRON. 

CORDIERITE sec GEM-STONES— lOLITE. 
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CORUNDUM. 

A general account of Indian corundura was compiled by Holland 
in 1898 (859 — 25 ), in which the characters of the mineral, its geo- 
logical relationships, its geographical distribution, and its economic 
uses were fully described. Keferences to this monograph are dis- 
tinguished beldw by the letter H. 

ASSAM. 

Hliasi and Jaiiiiia Hills. — Mallet (1159 — 20) in 1879 described 
some specimens of corundum, said to come from Nongrynib:w (Noein- 
GYAO, 25° 41' ; 91° 5'), a village in the Nongstoin State. According 
to Jackson (921), the mineral is found ovej a very wide area, but is 
chiefly collected at the villages of Patarknanc (25° 38' ; 91° 13'), 
and Nongmaweit (25° 40' : 91° 4'), and in the Rianuu R., a, tri- 
butary of the Someshwari. It is found lying on the surface in frag- 
ments of a few pounds in weight, and at the third locality in large 
masses, probably weighing several tons. The corundum is a com- 
pact, finely granular, light grey rock. The sp. gr. is 3'93. It is 
taken to all parts of the lulls lor sale as hojie stones. 

The production in 1912, the only year for wliicli returns aro 
available, was 1,400 cwt. (B. 42C ; H. 21). 

BIHAR AND ORISSA. 

Cuttack. — (,'orundum is re])ortcd by Stirling (1706, 179) to br 
found in the Nilgiri hij.ls (21° 25' ; 86° 45'), on the N. E. border 
of the district. 

Hazaribagh.— Row (1524, 864) mentions an occurrence of cor- 
undum on the Tl'TKi Ghat (23° 57' : 85° 42'), to the E. of Hazari- 
bagh. 

lUanbliiim. — An intercstijig discovery of corundum was made in 
1896 by Warth (1892 — 23) at the village of Salhann; (23° 4' ; 86°' 
20'). A blue variety of the mineral was found in a vein of kyanite 
from 2 to 3 ft. thick, enclosed in a band of coarse grained quartz 
rock following the boundary between the metamorphic ; and the 
transition (Phavwar) serins. The vein was traced at intervals for 
a distance of 3 miles on either side of the village (H. 21). 

Menghyr. — Corundum is stated by Hunte' (896 — 2, Vo!. XV, 
31) to occur among the hills to the N. E. of Jamui (24° 55' : 86° 17') ; 
but cnquiric.s have failed to confirm the statement (B. 424 ; H. 22). 
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Singhtehum.— An occurrence of corundum at Lopso hill (22'^ 
48' : 85° 48') has been recorded by Fermor (577—21). The 
mineral occms in granular crystallin ' aggregates associated with 
tremolite. It has not yet been found in situ. 

CENTRAL INDIA AGENCY. 

Rewah. PiPRA (23 58 30 ; 82° 45'). The earliest accounts 
of the corundum quarries here were compiled in 1820 by Buchanan* 
Hamilton (322 — 5 ), and in 1845 by Sherwill (1625 — 3 ), from informa- 
tion obtained at Mirzapur, to which place the mineral was brought 
for sale. A full description of the deposit has been given by Mallet 
(1159—6, 20, 43), who vi.sited the locality in 1872-73. The co- 
rundum is found in contact with a band of jade, followed by tre- 
molite and quartz schists on one side, while on the other it is suc- 
ceeded by prophyritic gneiss with hornblende rock. It appears 
to form a lenticular bed 30 yds. in width at the centre, but thinning 
out at one end of the outcrop to less than 10 yds. The total length 
of outcrop visible is about half a mile. 

The corundum is a reddish or purplish grey rock, almost com- 
pact to finely crystalline in texture, with seams of emerald-green 
euphyllite, schoil, and diaspore. , 

The average annual output for the five years 1909 to 1913 was 
787 cwt. (B..424 ; H. 49). 

CENTRAL PROVINCES. 

Piddington (1405 — 40 ) has described specimens of corundum 
said to come from Pohora, a village “ 00 miles to the right of the 
Baipur-Calcutta road.” Tlie locality has not been identified (B. 
424). 


HYDERABAD. 

Warangal. — Walker (1868 — 5 , 187) states that fragments of cor- 
undum are found in the watcicourses draining the Kannigiri 
HILLS (17° 20' ; 80°' 40'). They are also picked up in the fields, 
after rain, near the villages of Gohuguru (17° 17' : 80° 25'), Bun- 
JUR (17° 15': 80° 25'), and (Iolaouua (17° 15': 80° 21'), in the 
same neighbourhood (B. 424 ; H. 33). 

MADRAS, 

It has long been known that corundum is widely distributed in 
Southern India. Its occurrence in the Trichi nopoly district was 
mentioned in 1798 by Greville (706—1) ; and the material used 
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by Count de Bournon in his classical memoirs on the physical and 
miner alogical properties of corundum (448 — l. — 3) was mainly 
derived from the Madras Presidency. Hcyne ( 834 — 2 , 110) says 
that he picked up fragments the size of a hen’s egg or larger near 
Bombartipudi, 24 miles from Tirupati in N. Arcot ; and in 1844 
Newbold (1394 — 38, 153) recorded a number of occurrences of the 
mineral in Bouthern India. Again, in 1857, Balfour (69 — 7) gave 
a full account of the materials found in the Presidency that are used 
as abrasives, including corundum and garnet. The lapidaries’ wheel 
used in Madras has been described by Leschenault de la Tour (1063 
-3). 

The corundum usi^ally occurs, according to Holland ( 859 — 
25, 11), as a primary constituent of basic rocks containing pyroxene 
and some form of spinel, either hercynitc, pleonaste, or ruby-spinel. 
In most cases intrusions of pegmatite are found in the neighbour- 
hood of the corundum-bearing rocks. 

Corundum is known to occur at the following localities 

N. B . — Except where otherwise stated, it is found in fragments 
scattered over the fields). 


Ananfapur — 


Anantapur Taluk 


Dhannavaram 

Taluk 

Hindupur Taluk 


Kalyandrug Taluk 


^Atmakur (14° 38' 30" ; 77° 26'). 
Danduvarapalli (14° 39' 30" : 77° 46'). 

Paramatiyelaru (14° 40' : 77° 26'). 
Pasalur (14° 39' : 77° 44'). 

Reddipalli (14° 43' : 77° 44' 30"). 
SlDDARAMPURAM (?). 

Jhimmapxjram (14° 42': 77° 27'). 

r Maddalchkruvu Sivapuram (14° 26' ; 

^ 77° 26'). 

( Motalachintarpalli (?). 

PUNIGHX (?). 

fMANiREVu (14° 36': 77° 22' 30"). 

I Nuttm.abugu (14° 29' : 77° 23' 30"). 

< Obalapuram (14° 37' : 77° 22'). 
Palavenkatapuram (14° 33': 77° 24'). 


(H. 36). 


Coimbatore . Gopichettipabaiyam (11° 27' : 77° 30'). 

Kanbyankovil (11° 1' : 77° 32'). 

Kangayam (11° O' : 77° 37'). 

KARUTAPALAiyAM (11° 3' : 77° 35'). The mode 
of occurrence of corundum at this locality has been described 
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by Middlemiss (1219—19, 47), and its orl^m discussed by 
Holland (859—34, 206). The corundum is considered to have 
been developed as an original constituent in a coarse grained 
felspar rock, surrounding a series of lenticu'ar masses of 
elseolite syenite extending in a westerly direction from the 
base of bivamalai hill, the main mass of which is formed 
of the same eltcolite syenite. Both varieties of rock are con- 
sidered to be contemporaneous in origin, and to be due to 
the differentiation of a magma of an alkaline nature, super- 
saturated with alumina (H. 37). 

Padyur (11° 4' : 77° 33'). 

Selangapalaiyam (11° 26': 77° 38'). 
Shigeespalaiyam (ir 28' : 77° 23'). 

Salem.— Papaeapatti (12° 13' : 78° 7'). Prospecting operations 
carried out by Middleniiss (1219—19, 43 21 ) in this neighbour- 
hood have shown that the corundum occurs in a number of lenticles, 
composed mainly of orthoclasc felspar, di.spo,sed in parallel bands 
along the .strike of a series of jvcll foliated pyroxene granulites 
(charnockites), traversed by veins of coarse red and purple granite. 
Each corundum crystal is imbedded in a shell of a purer orthoclaso 
than that forming the matrix of the lenticln. A quantitative 
experiment showed that the proportion of corundum may amount 
to 3'5 per cent, of the matrix. The band of lenticles, some of 
which measure 15 ft. in length, has been traced at intervals by 
surface indications for a distance of nearly 40 miles, from Donna- 
i^UTTAHALLi (12° 0' : 77° 57') on the t'anvery to Chixtalakuttai 
near Rayakottai (12° 31' : 78° 0')— (H. 41). 

‘A similar occurrence of corundum was noted in an old pit situated 
a mile to the S. of the 6th milestone on the road from DifAEMAPURi 
(12° 8' : 78° 13') to Moeappue. Fragments were also found at a 
spot two miles to the N. of the milestone. 

Eengopuram (12° 9' : 78" O'). Abundant fragments occur at 
a spot 2 miles to N. by E. from the village. 

SiTTAMPUNDi (11° 14' : 77° 58'). The area over which corun- 
dum is sa d to occur measures about 4 miles in length, by 2 miles 
in breadth at the widest part. Where seen in siiu, the corundum 
is disposed in the form of porpliyritic crystals through an anorthite- 
hornblende gneiss, associated with very coarse grained binary gra- 
nite. The corundum crystals are of a greenish grey, rarely flesh 
colour, and are enclosed in a shell of calcite. The flesh colomed 
variety closely resembles the felspar of the granite, but may be 
distinguished from it by the trace of the cleavage planes, which 
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appears on the crystal faces as a system of fine, parallel lines. A 
few are of a red colour, passing into ruby (H. 39). 

South Kauara . Bandar (12° 52' : 75° 23'). 

Ellenir (?). 

* Hirebandady (12° 48' ; 75° 19'). 

, Kadikar (?). 

Kemmar (12° 49' : 75° 20' 30"). 

Malekai (12° 4G' : 75° 36'). 

All these localities arc situated in the Uppinangadi Taluk. 
Their position suggests that they form a continuation in a N. N. W. 
direction of the corundum deposits of Mysore (H. 44). 

The average annual output of corundum in the Madras Presi- 
dency during the four years 1910 to 1913 was 2,012 cwt. 


MYSORE, 

The existence of corundum in the Bangalore district was noted 
by Clark (321 — 2, 121) in 1839, and in the following year Newbold 
(1294-15. 46 ; — 29, 219) described its mode of occurrence at Golu- 
SHALLi (?Gollarhosiiali.i, 12° 59' : 76° 28') and Kalkairi (12° 58' 
30" ; 76° 29') in the Hassan district, where it was obtained from shallow 
pits along the outcrop of talcose schists penetrated by veins of peg- 
matite. 

A considerable amount of prospecting work has been under- 
taken in recent years by officers of the Mysore Geological Survey, 
and the results have been published in the Records of that Depart- 
ment. The mineral usually occurs in loose fragments scattered 
through the soil or spread over the surface of the fields ; but in 
some cases, noted below, it is found in situ. Holland has drawn 
attention to the fact that in certain cases the schists in which the 
corundum occurs adjoin basic and ultra-basic intrusions, associated 
with rocks made up almost entirely of granular hypersthene 
magnetic iron ore, and he cynite (H. 44-49). 

The localities examined are 

Bangalore.— (Primrose, 1431—8, 218). 

Banerkotta (12° 49' ; 77° 38'). 

Hoshalli (13° 26' 30" : 77° 31' 30"). 

Hulktote (1.3° 16' 30" : 77° 25'). 

Kodihalli (13° 11' 30" : 77° 31'). 
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Hassao. — (Primrose, 1431—10, 105). 

•Agbahar (13° 3' : 76° 22'). 

Belgumba (1 mile to S. W. of Agrahar). 

Gollarhoshalli (12° 59' : 76° 28'). 

Hagare (13° 7' 30" ; 76° 3'). 

Hole Narsipur (12° 47' : 76° 18'). 

Nagenhalu (13° 14' : 76° 15'). 

Kadiir.— (Evans, 555— ; Primrose, 1431—10, 165; Sampat 
Iyengar, 1549 — ii, 68). 

Bvrladhalli (13° 26'; 76° 4'). 

Kadamane (13° 26' 30" ; 75° 18'). In a mica-(4iloi’ite layer 
at the contact of amphibolite rock with gneiss or pegma- 
tite. Quantity small. 

SuNKURM (13° 25' : 75° 18' 30"). In highly decomposed am- 
phibolite rock. Quantity .small. 

Holar. — (Primime, 1431 — 8, 219; Venkataramaiya, 1838 — 2,92; 
—3, 166). 

Bevinhalij (13° 30' : 77° 31' 30"). 

Bovvringpet (12° 59' : 78° 14'). 

Kamasandra (12° 52' 30" : 78° 16'). In decomposed peg- 
matite veins and in boulders of a hard grey sericitic 
rock. 

Korlapati (13° 33' 30"; 78° 2'). 

Machenhaelt (13° 32'; 77' 30'). In pegmatite veins. 

SiBiLi (13° 37' 30" ; 77° 56'). 

Mysore. — (Evans, 555 — 2 ; Primrose, 1431 — 1 ; — 2 ; —8, 216 ; 
Sambasiva Iyer, 1548 — ii; Balaji Kao, 68 — i). 

Ankanhalli (12° 20' ; 76° 33'). 

Arsinkere (12° 30' 30" ; 77° 5'). 

Bannikuppe (12° 19' ; 76° 25'). 

BasaralU (12° 42' 30" ; 76° 53'). 

Basvaniialli (12° 21'; 76° 57'). As deep red crystals, 
associated with a soft olive green mineral, in highly 
micaceous gneiss.. 

Bellundigere (12° 34' : 77° O'). As minute grains in mica- 
ceous gneiss. 

Bidarhalubunbi (12° 21' ; 76° 50'). 

Bommanhalli (12° 19'; 76° 35'). In highly micaceous 

gneiss and in a talcose matrix. 
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Bddihoskote (12° 26 ': 76° 33')- 

Bugathalli (12° 24' ; 77° 5' 30"). 

Butgahalli (12° 22' : 76° 54'). 

Chaudaniialli (12° 44' : 76° 28' 30"). 

Chattanhalli (12° 12' : 76° 37'). Aa small dark crystals ia. 
a wjiite matrix. 

Chik BrciiANHALLi (12° 17' 30" : 76° 30'). 

Dharmapuk (12° 14' : 76° 26' 30"). 

Golambege (?). 

Gumsihalli (12° 11 ' 30" : 76° 32'). In a massive grey crys- 
talline rock intrusive in gneiss. 

Gubdevakhalli (12° 31' : 77° 5' 30"). 

Hunsur (12° 18' : 76° 21'). 

Kampagowb Koppal (12° 24' ; 76° 58' 30"). 

Kaniyanbundi Hosur (12° 14' ; 76° 33'). In a matrix of’ 
softer grey crystals. ^ 

Kiragangur (12° 31': 76° 55' 30"). 

Kupya (12° 17' ; 76° 53'). As small red crystals, enveloped, 
in a pale pinite-like mineral, in graphitic and talcose, 
highly micaceous gneiss. 

Linghapur (12° 43' : 76° 30'). 

Maggaiialli (12° '21' 30" : 76° 54' 30"). 

Manikpur (12° 18' : 76° 35'). In a pale greenish steatitic 
material. 

Mariyanhungi (12° 17' : 76° 32'). 

Nacappaniiabli (12° 15' 30"; 76° 26' 30"). In a matrix of 
soft dark grey crystals, forming rounded masses in a 
decomposed talcose schist. The deposit was being sys- 
tematically worked in 1898. 

NEiiiMAKANHALLi (12° 25' : 77° 6'). In a thin irregular vein 
in a matrix of pale decomposed calcareous rock. 

Nughalli (12° 17'; 76° 35'). Black corundum occurs spar- 
ingly in a granitoid mass of steatite-like material. 

PUNJUR (11° 46' 30" : 77° 10' 30"). 

PuEA (12° 28' 30" : 77° O'). 

Ramanhalli (12° 30' : 76° 57'). 

Ramnatpur (?). 

Sannakikoppal (12° 21' : 76° 58'). As separate crystals or 
massive aggregates in a soft, friable and decomposed 
white material, apparently originally hornblendic gneiss. 
In one pit associated with a porphyry dyke. 

Sargur (12° 16' : 76° 34'). 

Satnur (12° 33' 30" : 76' 58'). 
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Shenapatahalu (12° 18' 30" ; 76° 54'). 

Shibenhalli (12° 35' ; 77° 7'). 

SiNGANMARNAHALLI (12° 12' : 76° 30'). 

Taghalli (12° 29' : 77° O'). 

Tabasanhalli (12° 31' : 76° 54'). 

Tarvalli (12° 1' 30" : 76° 59' 30"). In an irregujar vein 1 to 
2 ft. wide, between decomposed gneiss ani micaceous 
talcose rock. 

Tipper (12° 30' 30" : 77° 11'). 

Vagdar Hoshalli (12° 17': 76° 29'). As small crystals 
in a soft dark grey mineral. 

Waddarpalaiya (12° 16' 30" ; 76° 50). In pegmatite. 
Yelchogi (12° 19' ; 76° 30'). 

Yerahalli (12° 31' : 76° 53'). 

Yerekalmonti (f mile to 8. W. of Bommanhalli). As 
minute granular crystals in a thin band of mica sehist ; 
also in a vein of pegmatite 1 ft. wide. 

Tumkur. — (Primrose, 1431 — 8, 218). 

Corundum is reported to occur at several places in the following 
Taluks 

Kortagere (13° 31' : 77° 18'). 

Kunigal (13° 1' ; 77° 5'). 

Maggagiri (13° 40' : 77° 16'). 

Pavagaga (14° 6' : 77° 20' 30"). 

Sira (13° 44' 30" : 76° 58'). 

The exact localities are not mentioned. 

The average annual output of corundum in Mysore, during the 
quinquennial period 1909 to 1913, was 2,131 cwt. 'rin' greater 
portion of the production of this mineral recorded in India during 
1914 and 1915, namely 2,360 and 1,246 cwt. res|)ectiv3ly, can'o 
from this State. 

‘ NEPAL. 

Buchanan-Hamilton (222 — 3 , 79) states that corundum is found 
in detached masses on the hill slopes near Isma and Musik(,t(?), 
It is said to occur in large quantities. 

DIAMOND, see under GEM-STONES. 

DICHROITE, see GEM-STONES— lOLITE. 

EPSOMITE, see SULPHATES— MAGNESIUM. 
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FIRE-CLAY. 

ASSAM. 

Khasi and Jaiutia Hills. — Samples of clay obtained by Bose 
near Jawai (26° 26' : 92° 16') have been tested by Messrs. Burn 
and Co., and found to make excellent fire-bricks, capable of 
withstanding great heat. Good coal occurs in the neighbourhood 
(see Holland, 859 — 38 , 10). 

liakliiinpur. — A sample of crude clay from the coal measures at 
Makum (27° 18' : 95° 41'), Avhen exposed to a temperature sufficient 
to melt wrought iron, was found by Smith (1665, 60) to exhibit 
indications of softening to a certain extent. The quality of the 
clay might be improved by wasliing out the iron pyrites and coaly 
matter which it contains. 

BIHAR AND ORISSA. 

Bbagalpiir. — Sandy clays suitable for the manufacture of fire- 
bricks are inter stratified, according to Blanford (147 — ll, 146) 
with the white pottery clays of PATAnauATTA hill (25° 20' : 87° 18') 
near Colgong. The results of experiments on these clays, coii- 
ducted by O’Shaughnessy, were published in 1839 in the Bengal 
Dispensatory and Pharmacopaiia, p. 700. Crucibles and fire-biicks 
made from them were considered to be equal in quality to articles 
imported from Europe (B. 568). 

iHanbliinn. — A series of tests carried out by Hughes and Medlicott 
(889) on fire-bricks made from clay obtained in the neighbourhood 
of Mallapur, in the Raniganj coal field, showed that compared 
with Glenboig fire-bricks they were inferior, but compared with 
Stourbridge bricks they were somewhat superior. At the tempera- 
ture at which the experiments were conducted, considerably higher 
than the melting point of cast iron, the edges of the bricks resisted 
fusion, but all were cracked to some extent (B. 568). 

Sautal Parganas. — Many of the beds of clay associated with 
the inferior coal seams exposed on the western side of the Bajmahal 
mils have been found to furnish material suitable for the manufac- 
ture of fire-bricks. Au exhaustive series of trials of clay from a 
number of localities has recently been made by Murray Stuart 
{1723 — 3 , 138). The following particulars of the thickness of the 
beds and quality of the material are abstracted from his report : — 

^ Bargo 24° 31' : 87° 27'). 2 ft } 
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Bhulgora (24° 57' : 87° 28'). 8 ft. Vitrifies slirrhtly. 

Bora Ghat (25° 1'; 87° 26'). | Infusible. 

Bueari (24° 57' ; 87° 29'). 2 ft. 6 ins. Infusible. 

Ghilgo (24° 33' : 87° 31'). 3 ft. Vitrifies slightly. 

f 1 . 3 ft. Vitrifies slightly. 

I 2. 3 ft. 6 in.s. Infusible. 

Dhumni (24° 47' 30" ; 87° 32'). <( 3. 3 ft. 9 ins. Vitrifies slightly. 

4. 4 ft. Infusible. 

5. 3 ft. Vitrifies slightly. 

G. 3 ft. y ins. Vitrifies slightly. 
Djiumabhita (24° 42' ; 87° 33'). 4 ft. Infusible. 
Gilhurria (24° 51' : 87° 28'). 3 ft. Infusible. 

Gugri (24° 44' : 87° 31'). ^ Infusible. 


Hura (24° 59' : 87° 27'). 


Gl. 2. ft. 6 ins. Infusible 
<( 2. 2 ft. 3 ins. Fusible i 
less. 

194° 4.fi' • R7° 9'^' 'Ut't / ^ I' if'i ifits slightly. 

(24 46 . 8< 28 .50 ). Infusible. 


and use* 


6 ft. I'itrilies slightly. 
■ 1 Infusible. 


■) 


•ItA.JORE 

Khijaria (24° 12' : 87° 1'.)'). 

Lohandia (25° 3' : 87° 26'). 

Narganjo (24° 25' ; 87° 27'). 1 ft. 6 ins. Vitrifies slightly. 

lloHRi (24° 59' 30" : 87° 28'). -[.V “ } Infusible. 

Salduha (24° 19' : 87" 34' 30"). 4 ft. Vitrifies slightly. 

n. 2 ft. 3 in.s. Infusible. 

SiMLONG (24° 45' ; 87° 3')').-^ 2. 8 ft. Vitrifies slightly. 

13. 2 ft. Infusible. 

3 ft. Infu.silde. 

.SiMRU BUNGALOW (25° 2' : 87° 24'). ■{ 2. 2 ft. Vitiifie.s very 

.slightly. 

81MRU Ghat (25° 1' : 87° 23'). 2 ft. Infusible. 

1. 10 to 15 ft. V'itrifics .slightly. 


SuRWA (24° 27' : 87° 32') 

Telb„it.» (24” 48' : 87” 28' :»') (j; J 
Umbapani (24° 16' 30" : 87° 35'). 3 ft. Vitrifie.s .slightly. 


ft. InfiLsible. 

1. 4 ft. Vitrifie.s slightly. 


BURMA. 


.imherst. — Turner (1819 — 3) has reported the occurrence of fire- 
iclay of excellent quality near the military cantonment at Maulmein 
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(16° 30' : 97° 40'). O’Eiley (1340-3, 742) also states that it is 
found on the banks of the Gyaing and Atarau rivers, but does not 
give the exact localities. 

CENTRAL INDIA AGENCY. 

Gwalior. — A bed of soft white clay in the lower portion of the 
Morar group exposed near Raipur (26° 8' : 78° 8') is considered, 
from tests made by H. C. Jones (see La Touche, 1034 — 39 , 97), 
to be capable of furnishing good fire-bricks. 

Bewail. — In the neighbourhood of Umaria thick beds of white 
clay belonging to the Jubbulpore group (upper Gondwana) crop 
out from beneath the Laineta limestones. Samples of some of these 
clays were tested by Mallet (1159 — 30 , 114 ; — 52 , 142), and found 
to be quite infusible, while others softened slightly at a white heat. 
They have been observed at the following localities, but probably 
occur in many other places ; — 

Amdaei (23° 28' 30" ; 80° 40'). “ Occurs in considerable 
quantity.” 

Baroudi (23° 0' 30" : 80° 44'). About 40 ft. of white clay 
and earthy sandstone. 

Mahanaui R,, W. of Chandia (23° 39' : 80° 46'). Beds of 

white and greyish white clay, 4 to 5 ft. thick, exposed 

for a distance of more than a mile on both banks. 

A sample from a scam of greyish white clay, 3 ft. thick, exposed 

in a railway cutting close to the Umaria colliery, and met with in 

all the wells in the vicinity, was found on being tested to be quite 
infusible. 


CENTRAL PROVINCES. 

Chanda. — Bunning (231, 91) has recorded the existence of a 
stratum of fire-clay, 11 ft. 3 ins. in thickness, at the Warora col- 
liery, above No. 2 seam. The lower portion, 3 ft. 9 ins. thick, is a 
piu'e white clay. 

Inbbiilpore. — Some of the white upper Gondwana clays, now 
largely used in the pottery works at Jitbbulpore, have been tested 
by Mallet (115§ — 36, 114 ; — 62) and found to be exceedingly 
refractory. Samples exposed for an hour to a white heat showed 
no signs of fusion, but contracted 1-1 4th in length, and became 
sufficiently hard to scratch glass. The clays contain less than 1 per 
cent, of lime and magnesia respectively. 
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HYDERABAD. 

Voyaey (1853— S, 246) remarks that the steel manufacturers at 
Kokk Samudram (18° 44'; 78° 35') use clay obtained locally for 
building their furnaces and making crucibles. It is said to be highly 
refractory, but becomes semi-vitrified when exposed to long con- 
tinued heat. . 


MYSORE. 

Bangalore.— Sen (1606—4, 1.37) has described a deposit of clay 
occurring a mile and a half from Golkalli (13° 9' : 77° 29'), which 
is used by the City Tile and Brick Works at Bangalore for the manu- 
facture of fire-bricks. About 600 tons are used annually. 

FLUOR-SPAR. 


CENTRAL INDIA AGENCY. 

Rewah. — Mallet (1159 — 3, 122) states that he has observed 
fluor-spar in the Bhander (Upper Vindhyan) limestones, but in 
quantity so small as to be of no economic value (B. 449). 

CENTRAL PROVINCES. 

Drug. — Fluor-spar is a.s.sociated with galena and carbonate of 
copper in a quartz vein traversing gneiss at Cjiicholi (21° 4': 80° 
44'), and has been described by Oldham (1326 — 45) and Blanford 
148—23). It appears to occur in small quantities only (B. 449), 

Jubbulporc. — Minute crystals of fluorite have been detected by 
Feriuor (577 — 5) in a vein of altered quartz porphyry, carrying ores- 
of copper and lead, at Slbe.wanabad (23° 38' 30" : 80° 19'). 

PUNJAB. 

(^habeh)l crystals of fluor-spar were detected by 

Mallet (1159—1, 166) among the minerals of albite-granite veins 
at Wangtu bridge (31° 32' : 78° 4'). They were of very rare oc- 
currence (B. 449). 

RAJPUTANA. 

Kishangarii. — An occurrence of fluor-spar at Barla (26° 29 : 
75° 1' 30") is mentioned in the Quinquennial Review of mineral 
production (862, 267). The mineral apparently forms a vein with 
calcite and quartz, about a foot in thickness, traversing gneiss, 

149 



FULLER’S EARTH. 


FULLER’S EARTH. 

Fuller’s earth is used in India not only for the washing of cloth, 
but constitutes the principal part of the various earths that are sold 
in the bazaars for edible purposes. The earth-eating habit, which 
is prevalent in all parts of the country, has recently been made 
the subject of an exhaustive monograph by Hooper and Mann ( 869 ). 

ASSAM. 

Hanipiir. — An unctuous clayey rock obtained, according to Old- 
ham (1324 — 3, 241), from a small hill to the left of the main road 
leading northwards from the city of Manipur, is sold in the bazaai 
as a delicacy to which medical virtues are attributed. 

BIHAR AND ORISSA, 

Bhagalpur. — Fuller’s earth is said to be associated with the 
pottery clays of Patarghatta ihll (25° 20' : 87° 18'), and is men- 
tioned by Ball (71 — 20, 240) as being sold in the Calcutta bazaars 
under the iiame of Rajntahal ‘mini. It is known locally as sahun 
mini, soap-earth (B. 5G5, 570). 

BOMBAY. 

Sind.— Blanford (148—63, 195) states that a pale greenish clay 
found in the southern ]>ortion of the Laki range, and near Hyder- 
abad (25° 23' : 08° 26'), is used for washing cloth, etc., and is eaten 
by pregnant women (B. 571). 

CENTRAL PROVINCES. 

Jiibbulpore. — In the Quinquennial Reviews of mineral produc- 
tion issued by the Geological Survey ( 861 , 230 ; 862 , 252), a con- 
siderable amount of fuller’s earth is recorded as having been raised 
at Katki (23° 50' : 80° 28'), where it occurs in Lower Vindhyan 
rocks. The average annual output for the five years 1909 to 1913 
was 100 tons. 


HYDERABAD. 

Heyne ( 834 — 2 , 273) mentions having found fuller’s earth in 
this State, but gives no particulars regarding the locality. 


MADRAS. 


Anantapiir. — Outputs of 30 and 52 tons of fuller’s earth in the 
years 1911 and 1912 respectively are recorded from this district 
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in the Quinquennial Review of mineral production for 1909 to 1913 
(862, 253), but no particulars of the locality or nature of tlic deposits 
are given. 

PUNJAB. 

Dera tthazi Kliaa.— Ball states (71—45, .571). on the authority 
of Captain Pollock, that about 360 tons of a clay resembling fuller’s 
earth were imported annually from the interior of the Suleim.an 
iiANGE. A variety called sabz mini, ^^^^^green earth, used for cleans- 
ing the hair, was also brouglit to Multan from \ adur (30° 5' ; 70° 
36'), to the amount of about 7 tons annuallv. 


Sliahpiir 
(Salt Range) 


lavender coloured clay, considered 


decomposed volcanic ash, exposed in the Nilawan ravine S. of 
Nurpur (32° 40' : 72° 39') and elscwheie, is used according to 
Wynne (1975 — 18. 300), a.s a detergent (B. 571) 


RAJPUTANA. 

Ajmer. — Fuller’s earth is said by Irvine (910 — 1, 164) to liave 
been obtained near A.jmek from fissures in quartz and schistose 
rocks, with carbonate of lime (B. 570). 


Bikaner. — The yellow unctuous clay widely laiown in India as 
Mvllani mitii, and used in a half-baked condition as a comestible, 
is quarried on a large scale at the village of Mar or Meth (27° 51' : 
73° O') near Kolaith, and exported to Multan and other towns in 
Northern India. According to Powlett (1423—1, 97), writing in 
1874, about 2,000 camel loads were sent from the quarries annually. 
The clay is of Eocene (m mmulitic) age (B. 370). 

Thick beds of a similar clay were met with, interstratiiied with 
nummulitic limestone, in -sinking the well at Palana (27° 51' : 
73"’ 19') in which coal was discovered in the year 1896 (La louche, 
1034—24, 123). A considerable quantity was raised and exported 
iluring the progress of tbe prospecting operations. 

.laisalmer.— Oldham (1324—18, 160) mentions the occurrence of 
Mvllani niiiti at the village of Mandar, about 5 mile.s to the N. of 
Khewalsir (27° 15' : 70° 54'). It is quarried and ex()orted on a 
considerable scale. 

The amount of fuller’s earth raised in Bikaner and Jaisalmer 
in the year 1904 was 534 tons, according to the Quinquennial Review 
of mineral production for 1904-08 (861, 230). No returns appear 
to have been received for succeeding years. , 
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(lodhpur)/ ' — (luantities of fuller’s earth or MuUani mini 

are quarried, according to Walter ( 1879 , 57) at Kapuri (?) in 
Banner, and exported to Sind, etc. A production of 1,000 tone 
is recorded for the year 1913 ( 869 , 253). 


GADOLINITE, see under BABE MINEBALS. 


GABNET, see under GEM-STONES. 

GEM-STONES— AGATE. 

Agate and its varieties, carnelian, onyx, etc., are of common 
occurrence in the amygdaloidal flows of the Deccan and Kajmahal 
traps, and the chief sources of supply are the rivers that drain the 
areas covered by these rocks. A list of the minerals that are derived 
by weathering from the Deccan trap was given in 1844 by Newbold 
(1294 — 38 , 37), who particularly mentions the beds of the Kistna, 
Godavari, and Bhima rivers, and the plain of Bijapur in the Bombay 
Presidency, as affording agate pebbles. They are also found in 
abundance in the valley of the Narbada, especially at Bheraghat, 
or the Marble Rocks (23° 7' : 79° 51'), whence the material em- 
ployed by the lapidaries of Jubbulpore is largely derived. Localities 
specially mentioned by other writers are noted below. 

BIHAR AND ORISSA. 

Santtial Parganas. — Nodules of agate, derived from the flows 
of amygdaloidal basalt which overlie the Gondwana coal measures, 
are found in some abundance among the Rajmahal hills, but have 
hitherto been neglected by the inhabitants. Sherwill (1625 — 14, 
48) especially mentions a locality 2 miles to the N. of Burhait 
(24® 53' : 87° 40°), in the centre of the hills, where a bed of agate 
nodules extends for a mile from east to west (B. 1505). 


BOMBAY. 

Alimadabad. — Veined agates from Ranpue (22° 21' ; 71° 46') 
are mentioned by ('ampbell ( 274 ) as the most valuable material 
worked into ornaments by the lapidaries of Cambay. They are 
fomid near the surface in pebbles of various shapes, not more than 
^Ib. in weight, and take a high polish (B. 508). 

Kaira. — The town of Kapadvanj (23° 2' : 73° 8') has given its 
name to a variety of agate much prized by the lapidaries of Cambay. 
It is foupd at Kapadvavi itself, and in the bed of the Majam R. 
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between M^indva and Amliyara (23° 13' : 73° 6'), in kidney and 
.almond-sbaped balls from |lb. to lOlbs. in weight. Some of the 
pieces are of tbe variety known as landscape agate (B. 508). 

Kathiawar. — Fectden (569 — C, 134) mentions the occurrence of 
a large irregular vein of moss agate in decomposed amygdaloidal 
trap at Khijaria, 3 miles to the W. N. W. of 'fANKARA (22° 40' : 
70° 48' 30") in the Morvi State. It is also found, according to Sum- 
mers (1726—1, 319), in massive blocks forming layers about 2 ft. 
below the surface. Common agate of a greyish white colour is. found 
in the same neighbourhood. The stones are purchased by traders 
from Cambay, where they are worked up into ornaments (B. 508). 

Adye (11, 60) gives the following additional localities for moss 
agate : — Latipur (22° 37' 30" ; 70° 35') and the villages of 'Cimbri, 
Otala, and Thoriali, witliin 7 miles to the E. N. E. and S. E. of 
this town ; also between Jiwapur (22° 49' : 70° 40' 30") and Badan- 
PUB (22° 47' 30" : 70° 40'). At these places it occurs in fragments 
scattered over the surface of the ground. It was found in a vein 
exposed about half a mile to S. W. of Khakura (22° 22' : 70° 30'). 
Adye has also described (1. c., 143) extensive beds of agate and 
chalcedony conglomerate, forming old river terraces in the neigh- 
bourhood of VERAT.IA (22° 23' : 70° 26'). 

r • — The chief source from which the carnclian 

(Rajpipla) J 

and agate workers of Cambay are supplied is situated in the State 
of Rajpipla, near the village of Ratanpur (21° 43' 30' : 73° 14' 
30"). The industry is said to have flourished for more than 2,000 
years, but according to Bose (173 — 23 , 176), the first authentic 
accounts of it date from the beginning of the sixteenth century, when 
an Abyssinian merchant named Bawaghor is said to have estab- 
lished an agate factory at Limodra (21° 44': 73° 12' 30"), between 
Ratanpur and the Narbada, where the preliminary operations in the 
treatment of the stones are still carried on. The subject has been 
dealt with by the following writers ; — 

1727. Hamilton (744, Vol. I, 143). Mentions the agate 
industry of Cambay. 

1788. Hove (873, 51). Describes the process of polishing 
the carnelians. 

1813. Milburn (1224, Vol. I, 278). Cives statistics of the 
sale of carnelians for the years 1804 to 1808. 

1815. Copland (361—1; —2). A full description of the 
mines and of the method of treating the stones. 
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1816. Barnes (77). A brief accoun tof the industry. 

1821. Willoughby (1938, 269). Describes the mines, and 
gives statistics of the yield. 

1827. Kennedy (980). An account of the mines compiled 
from information obtained in Cambay. 

1835. Lord (1091 — i). Describes the process of manufac- 
turing ornaments. 

1836. Lush (1104 — i, 766). A brief account of the mines. 

1838. Fulljames (629—4). Account of a visit to the mines. 

1851-1854. Summers (1726 — 1 ; — 2). A full description of 

the carnelian and agate trade of Cambay. 

1853. Anon. (35 — is). A brief account, with statistics of 
export. 

1867. Blanford (148 — 22, 381). A brief notice. The agate 
bearing gravels are stated to be of Tertiary age. 

1881. Campbell (274). A detailed summary of the infor- 
mation given by previous writers (see also Ball, 71 — 45, 
606). 

1908. Vyas (1856). Describes the present condition of the 
mines, and the method of preparing the stones for market. 

1908. Bose (173 — 23, 176). A full description of the geology 
of the area, with notes on the mining methods employed 
and the treatment of the stones. 

The conglomerates in which the agates occur cover an area of 
about 4 square miles, and are of Pliocene age, according to Bose. 
The most valuable stones are found in a stratum of ferruginous 
clay, not more than a foot in thickness, which is worked at a depth 
of between 25 and 70 feet from the surface. The system of mining 
is extremely primitive and wasteful, since the shafts are abandoned 
and become filled in during each monsoon, and fresh ones must be 
sunk at the beginning of the dry season, when work is resumed. 
The stones extracted are taken to Limodra where they are exposed 
to the sun for about 4 months, and are then partially baked in earthen 
pots over a slow fire, in order to improve the colour. The stones 
are then chipped in order to exhibit the colour and ascertain whether 
they are flawed or cracked, and are finally sent to Cambay to be 
worked into bowls, knife-handles, beads, etc. 

The production of ‘ carnelian stones ’ from the Rajpipla mines 
recorded in 1913 was 103 tons, valued at £250. In 1914 it was 
practically the same, 101 tons valued at £175 ; but in 1915 the out- 
put increased to 508 tons, valued at £1,019. 
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KASHMIR. 

Rtidok. — Godwin- Austen (669 — 8, 362) mentions flie occiuTcnce 
of fine agates and canieliaiis in a small ravine at the spot where the 
southern spur from Chamkan^ abuts on the IvyAMGO Traogar 
(34'^ 20' : 79"^ 18'), to the N. of the Pangoug Lake. ^ ^ 


MADRAS. 

Ciodayari. — Benza (110 — 4, 53) states that large quantities of 
agate, jasper and earneliaii pebbles are eolleeled from the bed of 
the Godavari E. near Rajamahf.ndkt (17^ 0' : 8L 50'). 

Gmitnr. — Newbold (1294—28, 936) alludes to the abundance of 
pebbles of agate, onyv, etc., that are found in the alluvium of the 
Kistna R. in the Palnad. 

AMETHYST. 


BIHAR AND ORISSA. 

Sautal Parganas. — Geodes of quartz lined with crystals of aine* 
lliyst sometimes measuring several inches in length are stated l)y 
Shcrwill (1625 — 0, 576) to occur in a bed of chalcedony exposed at the 
foot of a range of basaltic hills, 2 miles to the W. of Burhait (24'^ 53' : 
87" 40'). 


CENTRAL PROVINCES. 

Jiibbiilpore. — Small ainethysis, occurring in Deccan trap geodes, 
are- collected from the bed of the Narbada R. near Jubbulpore, 
and used for jewellery and beads (862, 269). 


HYDERABAD. 

Malcolmsoii (1158 — 'T, 102) and Newbold (1294 — 51, 483) men- 
tion the occurrence of amethystine quartz in granite in the neigh- 
bourhood of Hyderabad, Heyne (834 — 2, 264) also mentions the 
occurrence, and says that opal, chalcedony, and carnelians are also 
found here. 

PUNJAB. 

Bashahr.— Amethyst is found at several localities in the valley 
of the Sutlej R., according to Hayden (793 — 9, 102). 
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APATITE. 

BURMA. 

Rtiby Mines.— Apatite in well defined crystals of a beautiful 
and. unusual blue colour is sometimes found in the hyon, or gem- 
gravel ot Mogok (Brown and Judd, 208, 212). 

MADRAS. 

Vizagapatam. — Fermor (577 — 32, 206, 1073) mentions a dis- 

covery of apatite crystals, of a beautiful deep sea-green cqjour, at 
Devada (18° 15' ; 83° 37' 30"). 'rhe crystals measure up to 5 ins. in 
diameter, and occur in a spandite-fclspar rock. Several hundred- 
weights are said to have been obtained. A veinlet of lavender 
coloured apatite was also found in spandite-rock at the manganese 
mine of Kodur (18° 16' 30" : 83° 36' 30"), but the mineral is much 
flawed (1. c., 205). 

BERYL. 

Ber.vis of large size are occasionally met with in the mica-bearing 
pegmatites of Bihar and Nellore, and in some of the Himalayan 
granites. Mallet (1159 — 1, 168) has noted their occurrence in albite 
granite at Wanotu bridge (31° 32' : 78° 4'), and for some miles 
above that place in the valleys of the Sutlej and Wangar rivers ; 
and La Touche (1034 — 14, 65) found large crystals in a vein of 
gi’anite 4 miles to the W. of Machel (33° 25' : 76° 24') in Kashmir. 
In all these cases the mineral is of poor colour and merely translucent, 
so that it is of no value as a gem-stone. 

BIHAR AND ORISSA. 

llazaribagh. — Small crystals of yellow beryl are abundant, accord- 
ing to Mallet (1159 — 7, 43), in a large dyke crossing the Tendwaha 
stream south of Mahabar nan (24° 43' : 85° 50') in the northern 
part of the district. 


BURMA. 

Mason (1185 — l, 28) states that beryls are found in the sands of 
the Irrawaddy, and suggests that they might also be found in the 
streams descending from the granite hills to the east (B. 621). 

MADRAS. 

Coimbatore. — Padyur or Pattalai (11° 3' 30" ; 77° 33'). The 
earliest account of the beryl mines at this locality was given in 1822 
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by Leschenault de la Tour (1062—2, 262), who visited them wlien 
they were being worked by Mr. J. M. Heath, afterwards Manager 
of the Porto Novo Ironworks. In 1840, when the n\ines were 
described by Newbold (1294 — 22 ; — 45 , 772), they had been aban- 
doned for some years, all the easily accessible material havijjg'^oen 
worked out. The mines have also been described b^-^'alhouse 
(1867—1). The gems were found lining cavities formed by inter- 
lacing crystals of clevelandite, one of the accessory minerals in a 
vein of porphyritic granite or pegmatite, intrusive along the contact 
of gneiss with mica schists. They were of the clear blue or sea- 
green variety known as aqua marine. Nicholson (1302, 23) states 
that in 1819-20 the mine yielded 2,196 stones weigliing 22 lbs., and 
valued at £1,210 (B. 520). 

MYSORE. 

Mysore. — Sambasiva Iyer (1548 — il, 42) mentions the occur- 
rence of pale yellow-green and bluish-green beryls in veins of peg- 
matite near the tank bund at Mklkote (12° 40' : 76° 42' 30"), and 
to the S. of CuETTANHALLi, 4 milcs to the S. of Melkote. 


RAJPUTANA. 

A.jmer. — Small rolled fragments of green beryl used to be found, 
according to Irvine (910 — 1, 160), among the Sora hills near Raj- 
MAHAL (25° 54': 75° 32') on the Banas R. (B. 521). 

Kishangarli. — Aquamarines are mentioned in the Review of 
mineral production for 1909-13 (862, 270) as occurring at Saoar, 
near Sarvvar (26° 4' ; 75° 4'). 


CHRYSOBERYL. 


MADRAS. 

(loinibatore. — Platy crystals of clirysoberyl have been found in 
jCorundum-bearing felspar veins near Kanoayam (11° 0' : 77° 37'), 
associated with nepheline-.syenitcs ; but are too highly flawed to 
be suitable for gems (862, 270). 


RAJPUTANA. 

Kishangarh. — Yellow crystals of good quality are said to occur 
with mica and aquamarines in pegmatite veins at GovinOcSAGAB 
(862, 270). 



GEM-STONES, CHRYSOLITE-DIAMONO. 


CHRYSOLITE, 

AFGHANISTAN. 

Griesbacli (708—4, 52) mentions the occurrence, in a dense 
varnty of basalt forming hills about 3 miles to the N. of Kandahar, 
of briiiih green and yellowish ery,stals of olivine, which are used for 
making beads for rosaries and articles of jewellery. 

CHRYSOTILE. 

A serpentinous variety of the basalt of Kandahar contains 
veins and lumps of cUrysotile, used for the more inferior kinds of 
beads for rosaries (Griesbach, 708 — 4 , 52). 

DIAMOND. • 

The earliest account of the diamond fields of India, derived from 
personal observation, was given by Tavernier, whose voyages 
(1747) were originally |)ul)lished in 1605-69, though mention of a 
t’ade in Indian diamonds dates back to the time of Ptolemy. 
Another account, in which several localities not mentioned by 
Tavernier are included, was communicated to the Royal Society 
in 1677 by Henry Howard (875), Earl Marshal of England, after- 
wards Duke of Norfolk, In a series of papers published in 1880-81 
( 71 — 42 ; — 44 ; — 47 ; — 48 ; — 49 ; — 50 ), Ball has thoroughly 
disemssed the identification of the localities mentioned by these 
early writers, and in 1889 he brought out a re-translation of Taver- 
nier’s work, giving the results of his researches in an Appendix 
( 71 — 67 , Vol. II, 450-'16l). Information of a general character, 
dealing especially with the di.stribution of the diamond in Southern 
India, ha.s also been given by Heyne (834 — 2, 92), Ritter (1489—2, 
Pt. VI, 343), and Newbold ( 1294 — 29 , 22). 

The diamond-fields of India are grouped in three distinct areas, 
in each of which the gems arc associated with rocks of pre-Chm- 
brian age, known as the Kurnool series in Southern India, and as 
the Vindhyan system in the north. In the Southern tract, com- 
prising the districts of Anautapur, Bellary, Cuddapah, Kurnool, 
Kistna, and Godavari, the workings are mainly alluvial ; but dia- 
monds are also obtained from a baud of conglomerate occurring 
at the base of the Kurnool series. The Eastern tract occupies 
a portion of the valley of the Mahanadi in Bihar and Orissa, with an 
extension westwards into the Central Provinces, and an outlying 
area to the north in the valley of the Koel, a tributary of the Son. 
In this tract the workings are entirely alluvial. The third or Central 
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Indian tract is closely connected with the outcrop of a band of conglo- 
merate lying belAvecn the lowej’ and middle divisions of the Vin- 
dhyan system, extending for a distance of about GO miles, with, the 
State of Panna in Bundelkhand in the centre. Here the di^'onds 
are obtained }>artly from the alluvium and rainwash d>fmd from 
the conglomerate, and partly from the conglomerate itself. The 
mines of this tract are not mentioned by Tavernier or other early 
writers, and it seems probable that their discovery may be of more 
recent date than that of the diamond fields of southern India. 

Compared with its fornmr extent and importance, the diamond 
industry of India at the present time is of very limited proportions. 
The average annual production of the mines in the Madras Presi- 
dency, during the five years 1!)09 to 1913, was 38 ‘j() carats, valued 
at £19 ; and in Central India, during the same period, 45*94 
carats, valued at £853. In .1914 and 1915 no production was 
reported from Madras ; but in the former year 54-05 carats, 
valued at £791, were produced in Central India, and in the latter 
35*99 carats, valued at £C03. 

BIHAR AND ORISSA. 

Kalaliainli. — Minute diamonds were detected by Walker (1872 
— 3, 21) in sands from the streams near Bonoesor (19^^ 54' : 83° 14'). 
Though too small to be of value, others of larger size might be found 
l)y careful search. The sands have been derived from garnet- 
silliraanitc (khondalite) schists. 

Palaiiiau.— Sanku B. (23° 16' : 84° 17'). Blochman quotes a 
passage from the Tuzuhi'J which is believed to refer to a 
forgotten diamond field lying near the source of the ' Sunk " R., to 

the smith of. thp nf thp_JCnol Hinmniuk of poni^id em]>h^ 

value are said to have come from these workings, but Hewitt (833, 
418) says that none have been found for many years (B. 24). 

SiMAH (23° 35' : 84° 21'). Ball identifies this locality with the 
Soumelpour of Tavernier (1747, Vol. I, Pt. 2, 139; 71—67, Vol. II, 
81), who states that towards the end of the dry season about 8,000 
persons were employed in washing the sands of the Kocl R. for 
diamonds. Likely places in the bed of the river, indicated by the 
presence of ' thunder stones ' (? ferruginous concretions) were sur- 
rounded by a temporary dam, and the sand and gravel wlien dry 
was excavated to a depth of not more than 2 ft., and carried to a 
shallow tank previously prepared on the bank, where it was broken 
up and thoroughly washed. The gravel was then spread out and 
searched for gems. Large stones were rarely found (B, 27). 
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Sambalpiir,— H ika Khund (2r 32' : 83^^ 56'), The diamond 
fields of Sambalpur were visited for the first time in 1766, when 
Lord Clive commissioned a Mr. Motto to ascertain whether diamonds 
coulct^e purchased on the spot for the purpose of making remit- 
tances id England. The account of this journey, which appears 
to have met'*\vith little success, was published in 1800 (1262). 

According to the information then obtained, the diamonds were 
found in a red gravelly earth collected from the bed of the Hebe 
(Ib) IC, which joins the Mahanadi a few miles above Sambalpur. 
Breton (192 — l, 262 ; — 2) and Kittoe (994—5, 375), writing in 
1825 and 1839 respectively, also mention the Ib and other northern 
tributaries of the Mahanadi as far as up as the Maud K. as the source 
of the gems; but Ouseley (1349 — 3) and Voysey (1853 — 7, 859),, 
at abo\it the same period, describe the washings for gold and dia- 
monds as being carried on at Hira Khund, an island situated about 
4 miles below the mouth of the Ib R. ; and Ball in 1877 (77 — 28, 
186) was informed that the diamojuis were only to be found in tlie 
bed of tlie Mahanadi itself. H(i thought it most probable that they 
had been originally derived From the Vimlhyan rocks of the Bara- 
paliar hills, which lie to the south of the river. 

The following account of the method of search is condensed 
from that given to Ball by one of the old diamond washers : — In 
the montli of March, when the water was at its lowest, a temporary 
dam was thrown across the northern branch of the river at the head 
of the island, thus diverting the stream into the southern channel. 
The sand and gravel accunuilated betw'cen the rocks in the bed of 
the river was then collected and washed in wooden trays, any gold 
that was found becoming the perquisite of the waslmrs. No dia- 
monds had then been found for many years, but from a list given 
by Breton (192 — l, 273) it appears that, between the years 1804 
and 1818, twenty stones were obtained, of which the largest, weigh-- 
ing 672 grains, was found in 1809 (B. 30). 

CENTRAL INDIA AGENCY. 

The diamojid fields of (/ontral India arc situated along the 
northern scarp of the upper Vindhyan rocks which cover a large 
area in southern Bimdclkhand ; the gems being derived from bands 
ol conglomerate occurring in the middle (Rewah) division of that 
series. During the last hundred years no change has been made 
in the primitive methods employed in the search for the gems,, 
which have been described by the following writers : — 

] 819. Biichanan-Hamilton (222 — 2). 

1822. Adam (7—2, 32). 
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1829. Franklin (616 — 4). 

1830. Jacquemont (926 — 3, Vol. I, 399). 

1842. Adam ( 7 — 4 , 399). 

1860. Medlicott (1197—2, 65). 

1875. Kousselet (1522, 440). 

1881. Ball ( 71 — 45 , 39). 

1906. Vredenburg ( 1854 — 18 ). 

The principal diamond-bearing layer occurs at the base of the 
Eewah shales, but according to Vredenburg, there is reason to 
believe that, in certain localities, a second layer exists at a higher 
horizon, viz., at the top of the Rewah division, though it has not 
yet been detected in situ. The main layer consists of a thin band 
of indurated sandy conglomerate, locally known as mudda, resting 
directly upon Kaimur sandstone. From this the pebbles occasion- 
ally extend upwards, forming discontinuous bands of shaly conglo- 
merate, known as kaJcra, which also contain diamonds. The pebbles 
associated with the diamonds arc chiefly vein quartz from the 
granitic area of Bundelkhand ; jasper from the liijawar series; 
and a peculiar green quartzite \kansiya) derived from the lower 
Vindhyans, which is said, when it occurs in cj^uantity, to be a favour- 
able indication of the presence of the gems. 

Three types of workings are distinguished by Vredoiburg. (1) 

‘ Direct workings,' in wdiich the undisturbed conglomerate is reached 
by wide shafts, sometimes over 50 ft. in depth. These are sunk 
at the beginning of each working season, and are usually abandoned 
and allowed to fall in when the diamondiferous material within 
reach has been extracted. (2) ' Shallow workings,' situated on 
patches of the conglomerate w'hich have been laid bare by the com- 
paratively rapid denudation of the overlying shales. In these the 
material has become disintegrated to a certain extent by the action 
of the weather, and is thus more easily handled. (3) ' Alluvial 
workings,' situated along the banks of the streams that cross the 
outcrop of the conglomerate. Here the material has been sorted 
by the action of running water, and the heavier gravels containing 
the diamonds must be reached by pits, often as much as 30 ft. in 
depth. 

The indurated mudda is broken up and well pounded with sledge 
hammers in shallow pits, in order to prevent the loss of flying frag- 
ments, and with the shaly kakra, which requires no preliminary 
treatment, is freed from clay and sand by thorough washing. The 
washed gravel is then spread out on a cleared space of ground, and 
repeatedly searched for diamonds. No mechanical device for sifting 
or grading the material is employed. 
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The advantages of conducting the operations on a more system- 
atic plan, and with modern appliances, have been fully discussed 
by Vredenbiirg. The undisturbed conglomerate, he points out, 
migh^ be continuously worked after the manner of a coal seam ; 
while tk^e^present wasteful method of working the 'shallow " deposits 
might be r<^|>laced by a regular system of trenching, of which full 
details are given in his report. After careful enquiry, he has esti- 
mated the minimum value of the deposits at 12 annas (==1 shilling) 
per square foot. 

The following list of localities at which workings are now being 
c^irried on is extracted from that given by Vredenburg ( 1854 - 18 , 
286) 

, N. B . — D signifies ‘ Direct S ‘ SLaflow and A ‘ Alluvial ’ 
workings. 

I. Workings connected with the older conglomerate. 


Bijawar State.— Simra, S (24° 46' : 80° 18'). 




r Bajaria, 

A 

(24° 45'; 

GO 

O 

O 

19'). 

Cbarkari 

State 

\ Khameri. 
■ 1 Patti, A 

\,D' 

J 

[(24° 47' 

30" 

: 80° 23'). 



(, Ranipur, 

A 

(24° 46' 

30" 

: 80° 18' 30"). 



( Dia, S I 

:24° 

51' 30" : 

80° 

38'). 

Piiobpur 

State 

. Jhanda, 

A ( 

24° 53' ; 80° 

18'). 



(Seha, a 

(24 

° 54' : 80' 

° 33 

.' 30"). 


fBABUPUR. A (24° 48' ; 80° 23' 30"). 

Bandi, S (24° 43' : 80° 8'). 

Bikjpur, a and S (24° 49' : 80° 30'). 

Itwa, a (24° 47' : 80° 26' 30"). 

Kodaia group (24° 47' : 80° 15'). Bara Ma- 
NAKI'UU, S ; Chhota Manakrur, a. 

Majg.\ma, a (24° 38' 30" : 80° 6' 30"). 

Puijua State Maraia, S (24° 42' : 80° 9'). 

Panxa group (24° 43' : 80° 15'). Bhowani- 
PUR, S ; Chunua, D ; Hakouapur, S ; Ogra, 
S ; Old Banna, A ; Shaiiidan, D ; Srinagar, 
S. 

Eanj B,. group (24° 48' : 80° 19' 30"). Ga- 
NESHPUR, A ; KaLIANPUR, D ; KADHANPUk, 

I A. 


Patarkeebar State 


•{ 


Banari, a (24° 66' : 80° 39' 30"). 
Majgawan, S (24° 55' : 80° 52'). 
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II. Workings connected with the newer conglomerate. 

Jhanda, S (24° 48' ; 80° 45' 30"). 

Naigawa (Neagaon), a (24° 46' 30" : 80“ 52'). 

Durgapur, S (24° 42' : 80° 33'). 

Mohra, S (24° 43' ; 80° 29'). 

Sakeriya, S (24° 39' : 80° 20'). 

SiNGiiPUR, S (24° 45' 30" : 80° 38'). 

Tindini, S (24° 41' : 80° 26'). 

Udesna (Mauarajpur), a (24° 40' 30" ; 80° 19' 
30"). 

The production of dianiond.s from these inine.s has considerably 
declined during the last ten years. In 1901 it was 286‘48 carats, 
valued at £2,636, and for the five yeans 1904 to 1908 the average 
annual output was 306-71 carats, valued at £2,799. In 1914 the 
production was only 54-05 carats, valued at £791 ; the average for 
the preceding five years having been 45-94 carats, valued at £853. 
In 1915 it declined still further, to 35-99 carats, valued at £003. 

CENTRAL PROVINCES. 

f'handa. — Wairagarh (20° 26' : 80° 9'). The identify of these 
ndne.s with those of Beiragarh, mentioned by Abdul Jdizl in the 
‘ Ain-i-Akbari,’ is fully established, according to Ball (71 — 4.j, 37). 
They appear to have enjoyed a considerable reputation, but Jenkins 
(941 — I, 14) .says that in hi.s time (1827) the return.s were in.sutlicient 
tfl make them worth working ; while Wilkinson ( 1933 ) and Mal- 
colmson ( 1158 — 10, •2r)())s writing in 1843. merely mention traces 
of five old workings, wliieli had then been abandoned. The material 
in which the gems occur is stated by Hislop and Hunter ( 843 , 355) 
to consist of lateritic grit. The source of the diamonds is not pre- 
cisely known, but Ball considers it probable that they have been 
derived from an extension of the Kurnool or Lower Yindhyan rocks 
of the Mahaiiadi basin into this area. 

MADRAS. 

Anaiitainir. — WkvJKA Karur (15'" 2' : 77'^ 27'). Considerable 

interest was aronsed, about the year 1880, by the discovery near 
this place of a volcanic ‘neck' iilled with decomposed basic rock 
bearing a striking resemblance to the matrix of the diamonds at 
Kimberley in South Africa, The occurrence was fully investigated 
and described by Foote (596 — 3), 109; — 36), and tlic petrological 
characters of the rock forming the ‘ neck ' by Lake (1025 — 3), 
who found that it consists of a highly altered plagioclase-augite 
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rock, but that it is not serpentinous, like the Kimberley ' blui 
ground/ In 1884-85 the ' neck ' was deeply prospected by Mr. A. 
Copley on behalf of a Madras Syndicate, but the operations met 
witl^^mo success. Occasionally, however, especially after a fall of 
rain, ahy^ionds are found on the surface of the ground to the east- 
ward of thS\yillage, but not in the neighbourhood of the ‘ neck. " 
Foote mentions a diamond from this locality, valued at £10,000, 
in the possession of Mr. R. S. Orr, of Madras. 

The assertion made by Chaper ( 301 , 1 — 3 ) that he had discovered 
the source of the Wajra Karur diamonds in a vein of cpidote-bear- 
ing pegmatite intrusive in granulite, at some unspecified locality 
to the E. of the village, is not accepted by Foote. The gems, with 
which rubies and sapphires are said to have been associated, were 
not found actually in the pegmatite, but only in the immediate 
neighbourhood of the veins ; and there is no reason to suppose 
that the association may not be fortuitous. Foote thinks it probable 
that the gems have been derived from a former extension into this 
area of the diamond-bearing conglomerate of Banganapalle in Kurnool 
(see bebw). 

Bellary. — Huvjn Hadagalu (15^ 1' 3(F: 70/ O'). Foote (596—30, 
43) mentions the occurrence, about 3 miles to the S. of the village, 
of a number of small pits and sorting platforms, which he suggests 
may be the relics of old diamond workings. The pits are situated 
on a layer of conglomerate which forms a part of the Danibal- 
Chikuayakanhalli band of Dharwar rocks. No record exists of any 
discovery of diamonds at this place. 

Ciiddapali. — Chennur (14"^ 34' : 78^^ 52'). An account of these 
mines is given by Gribble in the Cuddapah Manual (707 — l, 24). Dia- 
monds were formerly obtained from a bed of gravel lying at about 
6 ft. below the surface, but the mines had been deserted since the 
beginning of the century. An attempt made in 1869 to work the 
mines did not prove successful ; though there is a tradition, men- 
tioned by King ( 987 — 7 , 2(30), that two stones, eventually sold for 
£5,000 and £3,000 respectively, had come from this field (B* 9). 

Kanovarti or Konbapetta (14° 33' 30" : 78° 52' 30"). This 
locality lies on the left bank of the Peniiair R., opposite to Chennur, 
The mines were visited at the close of the eighteenth century by 
Heyne ( 834 — 2 , 95), and again about the year 1840 bv Newbold 
(1294 — 29 , 226), who has given a full description of them, and of 
the methods employed in the search for diamonds. The excava- 
tions cover an area of more than a square mile. The diamonds’ 
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are found in a bed of gravel, composed mainly of quartz, chert, 
and jasper pebbles, lying beneath from 4 to 12 feet of cotton soil. 
The gravel is carefully washed in small reservoirs raised on mounds 
and paved witli stones, and is then spread out on a clear speve at 
the foot of the mound and thoroughly searched. The .diamonds 
are easily recognised when in a moist state by thek^ lustre. In 
former times large stones are said to have been found here, but in 
recent years, except in 1834, the operations had not been profit- 
able (B. 9). 

The mines at Ovalampalli or Woblapalli, mentioned by 
Heyiie (834—2, 98), Voysey (1853—3, 127), and Newbold (1294— 
13 , 125 ; — 20, 226), are close to Kanuparti, and of the same des- 
cription. Heyne says that this tract had been discovered about 
40 years before the time of his visit, and that stones of considerable 
value had been found in it. Newbold mentions a diamond, sold 
for Rs. 1,450, which was found here in 1839. 

Gurapur, close to Chennur, Httssanapur or Dupaud, and 
Jamaladuou or Oulagunta (14'^ 51' : 26') are localities men- 

tioned in the District Manual ; and Lamdur and .Pincuietgapaog, 
to the W. of Clieniuir, but not marked on tlie map, are mentioned 
by Heyne and Newbold (B. 11). 

(jodavari. — BlIAl)RAC^.^.l.x^M (17° 40' : 80” 07'). Both Voysoy 
(1853—3, 125) and Newbold (1294-21), 233) say that diamonds 
are sometimes found in the bed of the Godavari, near the town, 
but give no further particulars (B. 24). 

(jlnntiir. — Kollitk (16^ 43' : SO'^ 5'). This locality is identified 
by Ball with the ‘ Couloiir ^ of Tavernier (1747, Vol.^I, Bt. 2, 137; 
71 — (> 7 , Vol. II, 72), and Quolure of the account published in the 
Philosophical Transactions (875, 908). When visited by Tavernier 
in the year 1645, the mines were veiy productive, close upon 60,000 
persons, according to his account, being engaged in the operations. 
They were situated on the right bank of the Kistna, between the 
river and a range of high mountains. The pits were from 12 to 
14 ft. deep, but were not carried below the level of the subsoil water. 
The material excavated, a gravelly or sandy clay, after being steeped 
in water for a day or tAvo, was thoroughly dried and freed from the 
clay by wiimowing. It was then spread out in a thin layer and well 
pounded with heavy wooden pestles, and again winnowed until 
quite clean. Small quantities at a time were then spread out on the 
winnowing van, and searched for diamonds. 

The great Mogul diamond, presented by Mir Jumla to the 
Emperor Shah Jehan in 1656, is said by Tavernier to have beea. 
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found here. In its rough state it weighed 900 ratu or 787^ carats, 
hut ill the process of cutting it was reduced to 280 carats. Ball 
(71 — 67 , Vol. II, 431), after an exliaiistive discussion of the history 
of tths^stone, has concluded that, after a certain portion of it had 
been lost^ by mutilation, it was brought in 1849 to England as the 
Koh-i-Niir also Maskelyne, 1184 — 1 ; — 7 ; Ball, 71 — 68 ; — 60 ; 
Beveridge, 120 — 2). 

This diamond tract is said to have become almost exhausted 
by the year 1677 (875, 908), and it has long been deserted (B. 16). 

SIadagula (16"^ 30' : 79*^ 38'). Ball identifies this place with 
Maddemurg, mentioned in the Phil. Transactions ( 875 , 911). It is 
said that these mines were the most productive.'- of any in the distilct, 
but that they were abandoned on account of the unhealthiness 
of the locality. An excellent account of the method of searching 
for the gems is given in the same paper. 

Malavaram 36' : 79"^ 31' 30") or Damarapad. Ball (71— 
45 , 10) mentions some deserted diainond pits here, and suggests that 
they are the workings alluded to by Tavernier (1747, Vol. I, Pt. 2, 
138 ; 71—67, Vol. II, 78) as being situated between Kolliir and 
Eamulkota. The mines, he says, though producing diamonds of 
fine water, had been closed on account of their brittle quality. 

.PuLicniNTA, mentioned by Voysey (1853—6, 403) is situatfeii, 
on the right bank of tlie Kistna R., a few miles below Kollur. 

Histna. — The diamond tracts of this district are all situated 
within a short distaifce of the left bank of the .Kistna R., between 
Bezwada and the frontier of the Nizam’s territory. Voysey (1853 
—3; — 0, 403) writing in 1825, has given a general description 
of the mines, and Mackenzie, in the Kistna Manual ( 1130 , 244), 
has also compiled a general account, written mainly from a his- 
torical point of view. 

The workings are all of an alluvial character, the gems being 
found in sub-rocent gravelly deposits, derived either from rocks 
belonging to the Kurnool series forming hills lying to the north of the 
diamond fields, oi frojii the Golapilli sandstones, a formation of 
Upper Gondwana age, consisting in part of the debris of the Kurnool 
rocks. The localities may be considered as forming three distinct 
groups : — 

(1) Golapilli (16^ 43' : 80° 58'), with Malavilli or Muleli. 
A full description of the Golapilli diggings in 1679, by Streynsham 
Master, is quoted in the Kistna Manual ( 1130 , 146). The author 
considers that the diamonds found barely repay the cost of working 
the mines. The operations, which are well described, are carried 
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on in the same manner as at Kollur in Giuntur. Blanford (148 
— 30 , 27), writing in 1872, says that the mines had not been worked 
for more than 60 years, and that the gems were jnobably found in 
lateritic gravels derived from the Golapilli sandstones. 

The Malavilli miiies have been mentioned or described by lleync 
(834—2,92), Anderson (28), Benza ( 110 — 4 , 47), Newbold (1294—32,, 
985). and King (987 — 18 , 253). They arc said to har^e been dis- 
covered about tlie year 1670 (875, 912), and to have produced well 
shaped and large stones, but apt to flaw when cut. Andersoii 
gives a section of the deposits, and says that the diamond-bearing 
layer lies at a depth of 36 ft. : but the pits seen by Benza were not 
more than 12 ft. deep. According to King, tlie diamonds were 
sought for both in the Golapilli and overlying Rajamahendri sand- 
stones forming the hills to the north of the village, and in alluvial 
gravels at the base of the range (B. 23). 

(2) Pautial (16^ 39' : 8(P 28'), with Atkur, BARTiinxNiPADU, 
Mugalur, and Munalur. The mines at Partial have been des- 
cribed by 8cott (1602), Macpherson (1150 — 1, 118), Voysey (1853 — 7, 
291), and Walker (1868 — r>, 184). According to Scott, the diamonds 
were found in a stratum of earthy gravel, of a yellowish or reddish 
colour, lying at a depth of from 14 to 30 ft. below the surface. His 
devscription of the operations agrees with that of Tavernier with 
regard to Kollur, except that no v/omen were allowed to approa(‘[i 
Hie workings. At the time of Voysey \s visit, in 1825, the work 
consisted mainly in searching the old rubbish lieaps, and the 
diamonds found were very small ; but he thought that a consider- 
able portion of the deposit still remained intact. Walker, however, 
writing in 1850, says that the gravels had practically been exhausted 
(B. 23). 

The remaining tracts mentioned above lie in the immediate 
neighbourhood of the Partial workings, and are of tlie same des- 
cription. 

(3) UsTAPALLi (16° 42' : 80° 13'), with Kodavatakallu. These 
tracts are situated in the angle between the Mimiair and Kistna 
rivers. Ko detailed account of the workings has been published, 
but they are of the same description as those of the Partial group. 
Heyue (834 — 2, 94) mentions a tradition that, when first disc^overed, 
the mines at Kodavatakallu produced several bullock loads of 
diamonds (B. 22). 

Kuriiool. — Old diamond workings are widely distributed in this 
district, which has given its name to the formation containing the 
original band of conglomerate from which most of the diamonds of 
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southern India have been derived. A general account, including 
the history of the industry, has been given by Gopalakristnamah 
Chetty in the Kurnool Manual ( 675 , 94), compiled in 1886, when 
the ^annual rent of the mines did not exceed Es. 50. In recent 
years very few diamonds have been found, the average annual 
production vduring 1900 to 1913 having been only 38*36 carats, 
valued at £^9. 

The existence of diamond workings has been recorded at the 
following localities. Many of the names are taken from a list 
given by King (987 — 7 , 106) on the authority of Captain J. G. 
Russel, Assistant Commissioner of Kurnool : — 

Baxganapalle (15° 19': 78^ 17'). The conditions under which 
diamonds occur in situ at Banganapalle have been carefully examined 
and described by King (987 — 7 , 96). The diamond-bearing layer 
forms the basement bed of a band of quartzites, from 20 to 30 ft, 
in thickness, which constitutes the lowest member of the Kurnool 
series. This band of quartzite, near Bangana})alle, has been un- 
covered over a wide area by the denudation of the overlying rocks, 
and now extends as a sheet or capping over the surface of the hills 
to the west of the town, resting unconformably upon a denuded 
platform of the older and more highly inclined Cuddapali beds. 
The productive layer consists of shaly breccia and coiiglomerate 
or pebbly clay, occurring in seams of 6 to 8 inches in thickn^sSj 
and is readied by shafts, seldom more than 15 ft. in depth, froju 
the bottom of which galleries are driven along the pebbly seams. 
In 1872, when this account was written, only the slopes near the 
town had been largely worked, the plateau beyond remaining 
almost untouched. The material excavated is broken up and 
pounded, washed free from clay, sifted, and laid out to dry on 
prepared floors. The clean sand is then examined in the hand 
by women and children. The diamonds found are very small, 
much flawed, and of poor colour. 

Descriptions of the mines at this locality, i^i the earlier years 
of the century, were given by Heyne ( 834 — 2, 102), Voysey (1853 — 3), 
Malcolmson ( 1158 - 2 , 78), and Newbold (1294 — 8, 120). These 
accounts agree in essential particulars rvith that given by King 
(B. ]3). 

Bannuk, close to Gudipaud. 

Baswapur (15° 24' 30" : 78° 41' 30"). Described by Newbold 
( 1294 — 49 , 390) and King ( 987 — 4 , 71 ; — 7 , 103). The workings 
cover an area of about 2 sq. miles and are mainly alluyial, though 
King found traces in the neighbourhood of the Banganapalle quart- 
zites, which had evidently been broken up by the old miners. 

168 



GEM-STONES-DIAMOND. 


Byanpalu,=Gurumankonda. Rock workings. 

CooMROLi, close to Gurumankonba. Called Cummerwillee in 
the Phil. Transactions ( 875 , 913), where it is said that the stones 
obtained are very small. 

Deomitrru (15° 49' 30" : 78° 11'). 

Devanur (15° 43' 30" : 78° 19'). ^ 

Dhom (15° 23' 30" : 77° 56'). Old alluvial workings are men- 
tioned by Newbold (1294 — 51, 478). In the Phil. Transactions 
( 875 , 913) this place is said to afford stones of good shape and size, 
but of weak water. 

Gazerpilli, close to Baswapxjr. Produces stones similar to 

those at Dhoni. 

Gudipaud (15° 44' : 78° 18'). 

GurUmankonda (Gottimanikonda, 15° 32' : 78° 14'). Old rock 
workings. 

Kannamabakalu (15° 42' ; 78° 15'). Old alluvial workings, 

Lanjapoltjr (15° 45' 30" : 78° 4'). The stones found here 

are generally well shaped and of good water. They occur in a 

yellowish soil (875, 913). 

Munimabagu (15° 16' : 78° 2') with Mabavaram. The old work- 
ings here have been described by Newbold (1294 — 29, 230) and 
King (987 — V, 103). They are situated on outlying patches of 

•^he Banganapalle conglomerate, which have probably been worked 
ftxttv In the Bellary Manual ( 975 , 96), compiled in 1872, Kelsall 
'states that the mines are only spasmodically worked, and that no 
revenue had been paid on them since the year 1813. During the 
previous ten years only 7 stones weighing more than a pagoda (62'56 
grs., or about 16 carats) had been found (B. 11). 

. Muravakonba (16° 1' : 78° 19'). Diamonds are occasionally 
found in the bed of the Kistna R. at this locality, below the ford. 

Oruvakal (Voravakollu, 15° 41'; 78° 14'). ? Workull of 
Phil. 'Fransactions (875, 913). Said to produce very small 

stones. 

Panchalingala (15° 52' : 78° 5'). 

PoLUR (15° 32' : 78° 29' 30"). 

Pyapalli (15° 14' : 77° 48'). 

Ramulkota (15° .34' : 78° 3' 30"). Ball has identified this 
locality with Tavernier’s Raolconda ( 1747 , Vol. I, Pt. 2, 134 ; 
71 — 67, Vol. II, 53). In the Phil. Transaqtions ( 875 , 913) it 
is called Ramulconeta, and is said to produce small stones, but 
of an excellent water. Tavernier says that the diamonds occur 
with sand or earth filling narrow veins in the rocks. The miners 
use iron crooks to extract the earth, which is washed and searched 
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in the usual way. The diamonds are of fine water, but many are 
split in breaking up the rock in order to reach the veins. When 
Newbold visited the mines in 1840 (1294 — 15, 47 ; ~29, 231), the 
only workings were in the debris lying at the foot of the slopes, 
though the remains of numerous and extensive mines in the solid 
rock were visible. The diamonds found in the detritus were of 
inferior qualhy. Iviiig (987 — 7, 105) also gives a brief account of 
these mines (B. 14). 

Sattankota (?) '^Mentioned by Newbold (1294 

Tandrapad (15° 51': 78° 7'). J —29, 232). 

Timapuram (15° 32' : 78° 7'). Rock workings. Still worked 
in 1872. 

Viraypalle (?), Quantitative tests made by Mr. A. Ghose 
on a bed of conglomerate varying from 3 ins. to 2 fts in thickness 
gave a yield of 1-5 to 1-2. carat per 16 cub. ft. Most of the dia- 
monds obtained wore perfect crystals of fine quality and free 
from flaws ( 862 , 83). 

Yembye (15° 33' 30" : 78° 10' 30"). Rock workings. De-; 
sorted. 

PUNJAB. 

Simla. — Some small diamonds, said to have been found in a 
hill stream near Simla, are preserved in the Geological Survey 
Museum, Calcutta. The find is mentioned in a letter to the Times 
of September 7th, 1872, but no details are given (B. 7). 

GARNET. 

BIHAR AND ORISSA. 

tultaek. — Garnets used formerly to be obtained from the sands 
of the Mahanadi R, by washing. Garnetiferous gneisses are very 
abundant in the province of Orissa (B. 522). 

Ilazaribagli. — A massive form of garnet, forming veins in meta- 
morphic rocks, is found at several localities in the district, includ- 
ing the town of Ha/aribagh itself. The mineral was described 
and analysed by Piddington (1405 — 38; — 42). who gave it the 
name Calderite. An attempt w^as made about the year 1870 to 
place it on the market as an abrasive, but it did not prove remu- 
nerative (B. 623). 

HYDERABAD. 

Warangal. — Gharibpet (17° 29' 30" : 80° 41'). Garnet mines 
at this locality were described in 1833 by Voysey (1853 — 6, 404). 
The rocks in the vicinity consist of highly garnetiferous granitoid 
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gneiss, but previous garnets are said to be found only in the allu- 
vial deuitiis, where, in Voysey’s opinion, they are formed by the 
re-crystallisation of particles of garnet diss('minated through the 
soil. Walker ( 1868 — r>, 186) says that they may be picked- up 
in the watercourses draining the liills. 

In 1913 the production of garnet in Hydei'abad/ presumably 
from, this locality, amounted in'" 1*22 cwt., and an output of 115 
cwt., is recorded in 1915. Formerly large quantities were sent 
to Madras to be made up into ornaments, but the industry has 
been in abeyance for many years (B. 522). 


MADRAS. 

. Klslna, — Koxdapjlli (1(F 37' : 8(h 3(3'). Th-is locality lias long 
been famous for its production of garnets, Fryr.tnls of r(\gular 
form and perfeetly j)elliicid are found, according to llcyue (834 — 3 
252), in the sands near the town, also a.l)oni ih'zvvmbi and along 

the iianks of tlie Kistna. King (987 is, 2()t) says t-iia,t tru,^ garnets 

are derived from bands of massive garnetifei’ous h()rnl.)h'i'(lic gneiss 
among the hills in the ncigiibourhood (B. 522). 

Xcllore. — Newbold (1294--'-i), 221) remarks that ihsI. garnets 
are abundant in the crystalline and metalliferous locks of the dis- 
trict. They are collected from the ilvm' sands and sold as a sub- 
stitute for emery (B. 522). 

One cwt. is returned as the out|)iLt [or this district, in 1912. 

’ iVilgin.—Oaimcts resembling (vssoiiHc or clnniuuoji-'^Dme occur in 
large quaniitics, according' to Henza (110-—. ‘b 2(30), at tlu' crest 
of a knoll on the western, sid.e of the Skvkm O.muns iiiiu. (( Konj- 
BK'm’A, 1!/' 29': 7(3’’ '17'), (*> miles due uoitli of (foiacamund. 
Portions of tfic rock are said to Ix' almost exclitsivcly composed 
of dodccaJiecbal ciAsstals of garnet with liornblcnde. 

Salem. — SANKEuiDinjo (Ih" 29': 77'^' 5(5'). (.Ircen ganiofs were 
found here l)y Newbold (1294- 20, 225) in quartz veims peiictrating 
hornblende scliists, and associated with other green ciystals, near 
intrushms of porphyritic granite. The garnets did imt (/ccur in 
large quantities. Fine ciystals of rod garnet abound in the crystal- 
line and metalliferous rocks, as in Nellore, and ai'e sold at an in- 
significant price. Dark browm colophonile is also widely distributed 
in the granites of these districts. 
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Tiiuievelly.—A large proportion cf tlie stones contained in a 
parcel of gems collected by the villagers at Mel Amathur (9"^ 34' : 
77^ 55'), and examined by Fernior ( 577 — lo), consisted of garnets. 
Tli<i specimens vary in colour from pink and brownish-pink to a 
beautifnl deep red, and are often sulficiently clear and free from 
flaws to be vised as cliea)) gems. 

Over 1,000 tons of garnet sand for abrasive purposes are returned 
as having been collected in the district in 1914, but no output was 
recorded for the year 1915. 

Travanrore. — (Jarncts of small size, but vmry rich iji colour, are 
exceedingly abimdant, according to King (987 — 25, 89), in the 
sands of the sea shore. 

VizagaiKilani. -GALiKoNDA (^Goloontm, 17"^ 41' : 82 '^ 32') is 
especially mentioned in the Vizagapatam Manual ( 285 , 154) as a 
locality where garnets are obtained (B. 522). 

RAJPUTANA. 

The most impoitant garnet mines are situated along the out- 
crop cd the Arvali schists, es))ecially wliero these arc traversed 
by granitic intrusions, between the States of Jai])UJ' and Udaipur. 
In a l)]‘ief account of the mijies given by Hacket (730 — h 249) 
it is stated that all wei'e then (1880) abandoned ; but only ten 
years earlier Horst (871, 73) says tliat a large trade was being 
carried on between the mines and Delhi, and it is I’ccorded that 
large revenues were formerly derived from the lease of the workings 
(B/ 523). 

I]i recent years the mines have been ro-openod, and are now 
worked in the following districts : — 

Ajiiior.-' The i)r()diiciion of garnet in this district amounted in 
1900 to 139 cwt., but since the year 1907 it lias greatly declined, 
the average annual • output for the five years 1909 to 1913 being 
only 12 cwt. 

.laipiir.^- R ajmaiial (25^ 53' 30": 75^ 31' 30"). No statistics 
of the production of these mines in recent years arc available. 

Kishangarh. — Sarwar (2(r 4' : 75^ 4'). These are the most 
important mines in (he province, and are said to produce the finest 
garnets in India. The workings extend, according to Hacket 
( 730 — 4 , 249), for a distance of upwards of a mile along a narrow 
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belt of schists. The average annual output for the five years 
11)09 to 1913 was 253 cwt., valued at £1,601. In 1911 tlio output 
was 464 cwt., valued at £4,333, but the mines were closed in 1915. 

(IJdaiiimr) ^ ’ — Shahpura (25"^ 37' 30": 59'). The mines men- 

tioned by Ilacket (730 — 4, 249) were situated at Maga or Mkja, 
several miles to the S. W. of KShahpura. They produced 46 cwt., 
valued at £84, in 1913. 

lOLITE, CORDIERITE, DICHROITE. 

lolite is found in the gem gravels of Ceylon and sold under 
the name of lynx- or water-sapphire. The following instances of 
its occurrence in India have been noted : — 

MADRAS. 

Travaneore. — fordierite has been detected by Chacko (297 — 2, 12) 
in a granite dyke near Thiuuveli.a (Tehowulla, 9" 23' : 76'^ 37'). 
The mineral occurs in violet patclies and spots, associated with 
monazite, magnetite or ilmenite, garnet, and biotitc 

Triehiiiopoly. — Bose {see 861, 218) has reported the occnri’ence 
of iolUe in abundance near Udaiyapati'I (10^ 18' : 78'-' 18') and 
Kjkanur (10^^ 47' : 78"^ 20' 30") in the Ivadaviir Zemindary, where 
it is associated with labradorite and mica schist. Old pits, apparently 
made in search of the mineral, were noticed. 

Vizagupatiifu. — Microscopic crystals of cordicritc liave been le- 
cogiiised by Walker and Collins (1873, 13) as forming the most 
abundant constituent of certain sillimanite schists collected by 
Middlemiss in the Hill Tracts of Vizagapatam. 

JASPER. 

Pebbles of jasper of a great variety of tints occur in the rivers 
draining the areas occupied by the Dliarwar and Bijawar forma- 
tiojis, both of which contai?i numerous layers of banded jasper. 
Immensely thick beds of conglomerate, occurring in the Mahadeva 
group of tlie upper Gondwana system, consist largely ol the debris 
of these older rocks, and fuimish an abundauit snpi)ly of jasper 
pebbles to the rivers wliicli drain the Satpura range m the Central 
IVwinces. 

M 2 
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BOMBAY. 

KathiiiMar.—According to Summers ( 1726 — l, 319), green jasper 
with brilliant red streaks or spots, comnionly known as heliotrope 
or <J>loodstojie, is found near Tankara (22'^ 40' : 70"^ 48' 30"), and is 
sold to the lapidaries of Cambay. It is said to occur in massive 
layers belo\wtl'ie surface soil. 

KYANITE. 

Kynnite is a common cmistitnent of the ArcluTan roclvs in 
India. l)i!t is seldom used as a g(‘m. It is also particularly iibiih- 
dant in tlie schists and granite of Basliahr in the jlimalaya (Hayden, 
793 — 9, 102), wliere tin', crystals are sometimes of a deep blue colour, 
ajid are often mistaken foj* sa]>pl)ires. Its ocein'rence has been 
specially recorded in the foliowijig instances : — 

BIHAR AND ORISSA. 

Manhhtnn.- — The Idiie (',o]imdnm of Rat.banni (23° 4' : 86° 20'), 
already noted, is (iosenbed b)’ '\\ai(li, (1892 — 23) as occiirihig in 
a vein of Ivyanitc of*£i pale blue colour, varying in thickness from 
2 1o over 3 ft., and traced for a distance of about G inih's. 

HYDERABAD. 

Manuigal. — Crystals of kyanit(‘ are mentioned by Voysey (1853 
— 6, 4('4) as oceiiri'ing’ in abundivi'ce at the gaiaiet ’nines of Gn.\!C:n* 
PET (17° 29' 30" : 8()° 41'). 

MADRAS. 

reimhatoiT. — Middlemiss (1219 — itE 40) mentions having found 
quantities of kyanite crystals among tlio (le])ris of some pits, at3~ 
parently made ill search of corundimi, near Kanjikovtu (11° 22' 30": 
77° 39' 30"). He thinks it ])oss!ble riot similar finds have given 
risn to the reports mentiomul by Newbold ‘ (1294 — 3S, 153) that 
^sapphires are picked up in the valley of the Caiivory. 

PUNJAB. 

Paliala. — Bose (173 — 21, 59) lias recorded an occurrence of 
kyanite associated with calcite, in the hills west of Narxaul 
( 28° 3' : 76° 10'). It is said to be found in some quantity. The 
mineral is called hruj by the Patiala jewellers, and used by them 
as a gem. 
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LAPIS LAZULI. 

A report that lapis lazuli is said to have been found in -the 
Nagpaiiak hills, 3 miles to the W. of Ajmer, is mentioned by 
Irvine (910 — l, 162), but requires confirmation (B. 529). 

Lapis lazuli was formerly imported to India from the mines of 
Firgamu in Badakslian, described by Wood (1958 — i?. 263) in the 
narrative of his journey to the source of the Oxus (B. 521)). 

ONYX. 

BOMBAY. 

KafhhiMar.-- Onyx is widely distributed, according to Adye (11^ 
107) over those parts of the titate of Kavanagar which i\n\ (K'cupied 
by bedded lavas. It is most abundant about a inile S. W. 
of the ^tato bungalow at Vliakkui (22'^ 25' : 70'^ 11' 30") ; about 
2 miles to Ih of IviiOKiiRi (22'^ 23' 30" : 70'^ 2(S') ; a mile aiul a half from 
B.:\OLri)Aii (22 ' 9': 70^^ 13' 30") in the direeiion of Kluukluimbalia ; 
and half a mile to N. E. of Boiu (22'’^' 9' 30" : 70 LS'). A vein 

of onyx was obseived at a spot three quarters of a mile to B. of 
Nalmana (22^ 5' : 70^ 13'). 

OPAL. 

BOMBAY. 

Alimadimgiir. — Numerous and very fine specimens of milk-white 
opal, with a flame coloured iridescemce, are imported by Sykes 
(1736 — 1, 425) a > being procured on th - banks of tlic Sina. K., 
between Andargaon (18^ 2' : 75"^ 38' 30") and Baranda (18'^ 16' : 
TT)'" 31'). 

CENTRAL PROVINCES. 

Xagpiir.— Fermor (577™-3i5 214) mentions that opal is some- 
times found filbng cracks in the manganese ores. (3ood examples 
were met with at KaxNOHi (21'^ 25' : 79"^ 20') and Kodlgaon (21^ 
25' : 79° r). 

HYDERABAD. 

Opals are mentioned by Tleyne (834 — 2, 264) as being found near 
Hyderabad city, with chalcedony, carnelian, and amethyst. 

MADRAS. 

Vizugapataiu. — Opal is of common occurrence, according to 
Fermor (677 — 32, 214), in the manganese mines of the district, 
where it replaces the felspathic portion of kodurite (see MANGANESE,. 
Viz^apatam). Good examples are to be found at Kodur (18° 16' 30" 
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83^ 36' 30") and Kotakarra (18^ 22' 30" : 83^ 33'). It is also found 
at Boirani (lO"^ 35' : 84^ 49') in CJanjam. 

RAJPUTANA. 

Ajmer*— Irvine (910 — l, 162) states that massive milk- white 
opal is found at the base of the hills near Sruvauar (26"^ 26' : 74"^ 
50'). 

ROCK-CRYSTAL and ROSE-QUARTZ, 

fflHAR AND ORISSA. 

Sambaijmr.— Keinarkablv fine i*oek-er>sta1s >vere jioticed by Ball 
(71 — 183) near the village of IU.jkomvh (20'^’ 40' 30" : 83^ 31' 
30"), apparently occurring iji iiests iji vein ipiartz. Both tlie 
smoky and pcliucid varieties are obtainable (B. 503). 

BOMBAY. 

KaUiisiwar. — Sununers (1726 — i, 318) states that tlie lapidaries 
of Carnbav ol)tain their supply of roek-rrystal from Tankara 
( 22"^ 40' : 70‘^' 48' 30") in Morvi, wlieir^ it is Ibmid beiieath, tlie sur- 
face soil in ])ieces up to 20 D). in weight. 

CENTRAL PROVINCES. 

(Iihimlwani. — KnAiRi (2h\‘>2': 78*^ 53' 30"). A vein of rose-ijiiartz 
was found by Fernior (577— (>, 176) crossing the Kliairi stream 
about ihroe (piartcrs of a mile to N. W. of the village, The. vein 
is about 25 ft. wide, and the outerop about 150 yds. in length. 
The colour varies from milk-while to pink and deep rose. 

Dvdhara utll (2h^' 30': 78' 57'). i'Aninor {1. c.) found blocks 
of aimdliysrine pink quart/, on tlic wcslt'rn slope of the hill. Tlic 
outcrop of the vein was concealial by talus. 

HYDERABAD. 

Waraugal— Walker (1868 — 4, 223; — 5, 187) states that rose- 
quart/ is found near AVaranoal (17^' 57': 79^ 41'), and is common 
in other parts of Hyderabad teiritoiy. It is used for ring stones 
and other cheap jeAvcllery (B. 503). 

MADRAS, 

OodavarK — Campbell (272 — 12, 282) says that large prisms of 
roek^crvstal wwre formerly obtained in the bed of the Godavari 
near Kajamaiiendri (I?"" O': 8H 50'). 
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Taiijore.— V allam (K/'’ -13': 7'.t° 7'). Pcblsles of ^•<K■k-.•Iystal, 
smoky quartz, a)id rairoji'orm are. eolleeted from the beds of streams 
traversiiig tlie grits of the Cuddaloro sandstone series (King and. 
Foote, 988 , 208, 370). Utulor ilic Jianie of Yclliuo stones’ tliese 

are cut by th- lapidaries of Taujore and Tiiciiiiiopoly into a, variety 
of orjianieiital and useful articles, iucludina' vvalcli-i^lasses and 
spectacle lenses (B. 002). 

^ !n. — \eins (•] !‘ose-<Jllai*^/i octnijc ^naandiiii;' to lOnnior 
212). in decoin])os( d litlioinai'i’ic rocks at, Koorii (18 ‘ !(/ 30'': 
83"’ 30' 30"). Loose li(‘xaaf)nal crystals are also foiuid in .aisivel 
deposits at Sax])AXA.\i)Aiuti:am (18' 11': N:r ;;7b. 

PUNJAB. 

Dolhi.^ A^l!A^:(snun (28" 27' 30": 77' 10'). Hacket (730 

2n0) says that roi'k-ciA'stals wan'e fornierlv obtcvined Iroin a munhiU’ 
of small pitoS. apparently sunk on a ([uartz vein running through 
tlie i)<‘Ihi (|uartzitd‘s (B. 503). 

luKleii-rowell (60 — L 47) ouotes an account of tlie iniiios oy Dr. 
Tlunnpson. 'The ciystals are fonnd in a. secondary luA'ccia cenunitcd 
i)'e oxide (4 iron, exposed in a small basiji among the hills ahont 2 

miles to the 8. \V. of the village. The b(‘st ('I’ystals wow said to 

come frojn depths below 10ft., tJiose nearer tlie snihua' lahng tinged 
;'ith iroji oxide. 

3Siaih\ali. — MAio (32" 57' 30'" : 71'' 30'). The occurrfmee of 
!n-pyrainidal crystals of «|aart/ in the red gypseous marls at xVlari, 
Ivalabagli and othei* localities in the neigh bonrhood has been 
noticed l)y Jaimxsoii (931 — •>, 20b), Idinning (591 251). Ver- 

cliere ( 1839 — -b 20), an<l Wynne (1975 -is, :g)0). The. crystals 
go by tlie name of 4Iin*i ({iiunoiidsy and a,r(' eolh^ctr'd and drilled 
to be made into necklaces (B» 503). 

RUBY. 

AIliMANISTAN. 

The ruby mines of Jagdali.ak (31’" 22' : 00" 18'), (bvsciibed by 
Driesbaeli (708 — 21, 71), ai*e situated at the crest- f>f tlie iSiiiJi Koli 
range, about 5 miles to the \V. of Kardeathal. The rubies occur 
as acccssojy minerals, with, a few sapphires, large (jiiantities of 
garnets, spinels, etc., in a ])clt f>f liighW crystalline limestone, con- 
sidered by OriesbacL to be a sedimejitary deposit of ( 'arboiiiferous 
age, altered by granitic intrusions. In pkaces tlie jubies are so 
numerous as to give a pink tinge to the rock, but these are usually 

177 



GEM-STONES-RUBY. 


very inimite. There is no regular system of minings but whcre- 
eve!‘ the gems are visible on the weathered surface, the rock is 
. nuajried out, and the rubies extracted with hammer and chisel, 
many being broken or lost in the process. 

The age of the ruby-bearing limestones has been discussed by 
Hayden (793 — 22, 11), who is inclined to refer them to tlic Arclue- 
an group. 

BURMA. 

The ruby mines of Upper Burma have long been known as the 
piinci))al source of the world s supply of the gem. Ca\sar Predericke 
( 621 , 239), who visited Pegu in 1569, alludes to the brisk trade in 
rubies that was then caiiied on ; and reference to the mines was 
also made about the same time (1586) by the English traveller 
Ralph Fitch ( 589 , 262; 1538 , 172) wlio places them in the district of 
‘ ( 'apian ’ (?Kyatpyin), five days’ journey from Ava. Neither of these 
travellers was permitted to visit the mines, and the first authentic 
account of them was given in 1833 by Perc OuiBepi)e d’Amato 
( 412 ). He describes the workings at Kyatpyin (22"" 53' 30" ; 
96“^ 28'), and the sjastein of mining ))ractised by tlic Ihirmese, wliich 
may still be seen in operation in that neighbourhood (B. 427). 

Three distinct ruby tracts arc known to occur in Upper Burma, 
widely separated from each other ; but in all cases the original 
source of the gems is found to be a higJiIy crystalline limestone, 
probably a member of the Arclia^an group. A fourth tract is 
reportecl to have been discovered in the Moineik State in 1913, 
but as yet no definite information regarding this occurrence has 
been published. 

Hlaudalay. — Sagyin (22° 17' : 96° 7'). About the year 1870 

these mines were in charge of a Mr. Brcdemeyer, whose account 
of them ( 191 ) is referred to by Ball (71 — 45, 428). The locality 
was reported on by Hayden {see Griesbaoh, 708 — 20, 9) in 1895. 
A group of liills, composed of crystalline limestone largely quarried 
for statuary marble, rises abruptly from the alluvial plain on the 
left bank of tlie Irrawaddy, about 16 miles to the N. of Mandalay. 
Moisture, acting along the joint planes of the rock, has caused it 
to become seamed with fissures and hollows, filled with the insoluble 
clayey material supplied by the disintegration of the limestone. 
These fissures are followed up and the material extracted from 
them is washed. Sapphires and spinels, as well as rubies, are^ 
obtained here. In recent years the working of these mines does 
not appear to have been attended with favourable results, and no 
returns of output have been furnished. 
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-Naniazejk (25" 37' : 96'" 37'). Tlie ruby tract of 
Naniazeik was brst broiigb.t to notice in 1895, when it was cxainiued- 
by Wartli {see Gricsbach, 70&— 2S, 152), wlio rc})orted tliat rubies.., 
sap])hires, and spinels ai'C obtained from the detritus allorded by 
the disintegration of crystalline limestones suiTouiided by intrusive 
masses of granite. A full descrijdion of the tract has since been 
given by Blecck (154 — 2), qjid tlie petrology of the area has been 
studied by Tanatar (1742). 

The limestones arc considered by these autlioi ities to luxve been 
originally calcareous sedimentary deposits, and to liave been altered, 
while in a state of intense local comp]*essio]i due to orographic 
moven'icnts, b}^ cojitaet with the intrusive granite, with the pro- 
duction of cornndum and other aecessoiy iniiiCials at those places 
whei'e the pressure was most severe. 

Neither ruby nor spinel appear to be very abundant in this 
tract and no out])nt has been reported for tlm last twelve years. 

lUeeck also mentioiis a small ruby tract, worlced with ]>oor 
results l)y tlio Kachins, on a hill stream 1 miles to the N. of Manwb 
(25"^' 26' : 96^ 35'), and some deserted ruby pits said to lie 13 miles 
to tiie N. \V. of Naniazeik. 

Kuh.V Mines. — Mogok (22^" 55': 96"' 33'). In tins district the 
crystalline ruby liinestones form a series of nairow, paralhh lenti'* 
cular bands, distributed in echelon alojig the southern IL'inlcs of a 
range of hills extending from the neighbourhood of Mogdk, where 
the most productive mines are situated, to TIuibeikkyin on the 
Irrawaddy, a^^distance of about 40 miles in a direct limi from east 
to west. The woi'kings, liowever, are confmed to the eastern 
half of the calcareous zone, between SmvENYAijNomN (22' 55' : 
96*" 19') and Mogok, where the condition of the bands suggests 
that they have been subjected to a more intense degree of com- 
pression than further west, wdiere rubies appear to be absent. 
(Their general alignment is showm on the map attached to Barrington 
Brown’s paper in the Philoso^)hical Trayisactions, noted below, 
and on the map of the Northern Slian States, Western Section 
in the Memoirs, Geological Survey oj India, Vol. XXXIX, Pt. 2.) 

The following accounts of the mines have been publislied since 
the district was thrown open by the aniiexatioji of Upper Burma 
in 1886;— 

1888. 1 p 1 r ( 677 — 4 ) Y Popular accounts of the mines and 

1889. 1(677—5) / their surroundings* 

1889. Streeter (1718). Account of a visit to the mines, and 
of the native system of mining. ^ 
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1895. Baniiigtoii Brown and Judd (208). An exhaustiv'e 
treati,s(‘ on the geology and petrrjlogy of tlie distriet, with 
a discussion l)y Prof. Judd of tlie genesis of the coniudiim 
and of the minerals associated witli it. 

1890. liauer (88- 4). Describes the mode of occurrence of the 

ruby, and the petrology of the associated I'ocks and minerals. 

1897. Wynne ( 1978 ). J\h)tes on the geology of the area., 
and description of the European and native methods 
of working. 

1901. Morgan ( 1252 ). Describes the operations of the I(ul)y 
Mines Co. 

1909. Anon. (35 — ^70). A brief account of the mines and 
their dev elopn vent. 

1910. Coldschmidt and Sehroeder (672). Describes tlie 
crystallographic cliaiacters of ruby froni Burma. 

1915. Clamuunt (3i8). A po])ukr aecoiint of the opera- 
tions of the liuby Mines (t). 

The native w^'U'kings, as d<‘scril)ed 1.)Y Barrington Pn'()vvn and 
others, are of thi’ce kinds : — (u) Loodwin, in wliicli fissiu'es and 

hollows if] tlie lijmsstojie, filled with detritus derived Jrom its dis- 
integration i)y Aveatlna'ing, are foIlow<*d uj) and. (juarried. [h] 

IJjfnirfinlirin. or eiitiiiigs driven into tlu^. rainwash on the iiil! 

slopes, eoveriiig the outcrop of tlie limestone ; and (c) Twudone, 

or pits Slink in the alluvial dei)Osits spj(aid over the boor of the 
valleys, in oixler to reach the g(nn-beaiing gravel, called htjon, 
wliieli usually lies at a eoiisiderable depth. Small rubies are 
also obtained 1)}^ washing tlie saiul and gravel in the beds of tlie 
streams. 

In 1889 a lease of the ruby tracts was grauted to the Burma 
Eid)y Mines Co. at an annual rent of Us. 0,15,000 (subsequently 
reduced to lis. 2.00, t)00) jjhs a share of the profits, together with 
the right to lov\/ royalties on the outjfut of native workings in 
the town.shi])s (d Mog(3k, lvvatj>yjn, and Katlia. The operatiojis 
of the ('onipany have hitlierto been confined to a systematic ex- 
cavation of tin.' alluvial de])f,.sits covering Dm floor of the Mogok 
valley, which vuis a|)})areiit.ly in former times oecuipied by a lake, 
and ill washing the hyon \vith tlie aid of the most modern appli- 
ances. Electric power is largely used for driving the maehiiiervg 
and is obtained from a waterfall at tlie outlet of tlie valley. 

In addition to rubies, tlie hyon contains large quantities ol 
spinel, usually of a brilliant red colour, and more rarely sapphires 
and crystals of blue apatite. Tourmaline is also common, but 
is of the ])lack variety and of no value as a gem. 
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The average aanual out])ut of ruhv, sapphire, and spinel, dining 
the five years 1909 to 191 d, was carats, valued at iih\:lT2. 

1)1 1914 and 1915 respec-tively the amounts produced were: — 

.Rubies, ]93,:h43 carats, value tlOjHl, HIT, 901 carats, value 1:34, 8017 
Sapidiires, 50,709 carats, value £2,05*2, 39,7 IcS caiats, value £l,27t); 
Sj)inels, 51,830 caiats, value 1300, 43,827 carats, value £141. 

The crystalliue limestones are considered by Judd to have 
jassulted from tlie decom])osition at great deptlis of tin' lime felspars 
contained in basic gneisses and granulites, witli a subsi'iiuent eon- 
ceiitratiou of the calcium carbonate along definite ;<ones, and the 
intdusimi of a portion of the alinniua, derived from the aluminous 
silicates, in the form ol corundum. A trausitiojial stage was the 
formation of seapolite gneisses through the ‘ wei’iierilisatiou ’ of 
the felspars in the original mek. The strat igraphical evidence, 
on the other hand, seems ratlier to point to the coucliisions arrivi'd 
at in the case of the similar occun-eiu'c of rubies, etc., at Naniazeik, 
viz., that the limestones were originally calcareous sediments, and 
tliat they have l)ecu altered by contact with igneous intrusions, 
under conditions of great pressure. 


MADRAS. 

Salem.— Xewbold (1294 — 2a, 221) states that fine rubies have 
liccii found at several of the corundum mines in the district, j)ar(J- 
cnlarly at VniA)JMoi)Os(f ) in tlie Tarmati Taluk, and at Siioj.v\sr- 
cevMANi (IT^ 15' : 77'" 5G') in the Trichingode Taluk (B. 422). 

MYSORH. 

Madar. — Stones of sojiie value, thoiigl) not (spial in colour 
to' true rubies, arc occasionally found, ac(‘ording to Kvaus (555 — ->) 
in the corundum pits at Kadamanh (TV 20' 30" : 77) ’ 18') near 
Sringcri. 


SAPPHIRE. 


BURMA. 


The rubies of Upper Bui'ma are i]]variab]y accompanied by 
sapphire, derived in the same* manner from crystalline limestone. 
Tlie proportion of blue corundum found in the gem gravels is usually 
much smaller than that of the red vari<dy, thoiigh the stones are 
often of larger size. (For statistics of production, sec RUBY). 


KASHMIR. 


Padar. — Soomjam (33'' 25' 30" ; 7<V 28'). An accidental dis- 
covery of sapphires in considerable quantities in Kashmir was 
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reported early in the year 1882. Some of the gems were in that 
year examined by Mallet (1159 — 33), who pronounced them to 
be true sapphires. They were then supposed to have come from 
tite neighbourhood of Padam in Zangskar, but the approximate 
locality is correctly stated in a letter from tlje Rev. A. W. Heyde 
quoted in Mallet’s paper, as 0 ]i the southern slopes of the Zangskar 
range, below the Umasi La (pass). The exact position was subse- 
quently ascertained to be in a small upland valley, 2,500 feet above 
the village of Soomjain, and at an altitude of about 14,000 ft. above 
the sea. The deposit is said to have been laid bare by a land- 
slip. , 

In 1887, at the request of the Kashmir Durbar, the locality 
was examined and reported on by JjU Touche (1034 — 14). The 
sapphires were found to occur as accessory minerals, with tour- 
maline, garnet, kyaiiite, and euclase, in a vein of pegmatite intru- 
sive in a series of rocks including biotitc gneiss, leiitieiilar mass('s 
of kiipfferite, and crystalline limestone. The detritus from this 
vdn liad been spread over a portion of the valley below, and from 
this whole crystals of sapphire, with fragments and chi])S in con- 
siderable quantities, were obtained by washing. The ground is 
under snow for tlie greater part of the year, and work is only possible 
during the months of July, August, and September. 

For some years the Jlurbar derived a considcra1)le revenue 
from the mines, which weia^ then abandoned und(n‘ the im])ressi()n 
that they liad been worked out. l.bit in 190C work was re-started 
by the Kashmir Mineral Co., and at first several valuable stone.s 
were obtained, one of them being sold for £2,000. Very soon, 
however, the production fell off, and the mines have not been 
worked since 1908. 

Shepard (1618 — 3) has discussed the mode of occurrence of 
the sapphires at this locality, as compai'ed with those of Laurens 
Co., S. Carolina, and other places in the United States. 

PUNJAB. 

Kangra. — Calvert (265 — 2, 54) has reported that he found sap- 
phires on the ascent to the Hamta pass (32*^ 16' : 77^^ 26') in Kulu, 
but no specimens appear to have been submitted to a competent 
authority, and the statement requires confirmation. 

SPINEL. 

AFGHANISTAN. 

Spinels are said to occur abundantly in the ruby mines of 
Jagdallak, already noted under RUBY. As Medlicott pointed out 
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in 1880 (1197—50, 4), many of the so-called rubies obtained at 
this locality are in reality spinels (B. 429). 


BURMA. 

Quantities of spinels are foimd at the ssme localities, and under 
the. same conditions, as the rubies of U)>])(‘r Burma, alrciidy noted 
above. (For statistics of production, see RUBV.) 

IJyiikyiiia. — Large iiumbm’s of spinels were found bv Lriesbach 
(708—22, 130) in the sands of the Irrawaddy alcove Myitkvina, 
especially at the village of Wati; (25° 30' : 97" 30'). They have 
also been repoiled to occur in rjuantity near tlie junction of the 
Pu:^^OlN Kua and JIali Kua (iTr 19' : 97° 32'), above the Con- 
fluence. 

TOURMALINE. 

BURMA. 

liareiini.— Namon (19° 22' : 97° 35'). At this locality, sitaiated 
13 miles to tlu^ N. of Ywatlsit on the Salween B., crystals of a 
beautiful dark emei'ald-giaam variety of tourmaline are found scat- 
tered through the surface soil,* and arc mined on a small scale. 
Tlie occurrence has been described by Michllciniss (1219 2:y 152). 

The matrix of the tourmaline was aseertaiued to be a, while crystal- 
iiue limestone, blocks of which ar(‘. stKuvii over the hill slope's where 
tJio ])its aT(‘. situated. The stones are sent foi* sale to Baugoon, 
wher^ for some, time they possessed a tii'iitious value, due to tlnar 
being suecessjully ]rxss<Ml of!' as emeralds. 

*l!ongmit.-MAixoNix (23° IB: 90° Bi'). Ceorge (G45) has 
given an intan'esting aeeouut of the history and [)r(\seni rondilion 
of t!i(‘ rubrllbe iuin<\s situated about a mi](‘ E. (,»f Alaingnin, siir- 
ionndlng the Balaung villager of Saaika. 'the mines ar<' said to 
luive beejt dis(H)V(nail aiid woilu-d by (hines.c; some J50 to 290 
years ago, but were deserted until 1809, when tluy were n'-f^jHau'd 
by some of the Kaehin chiefs. The m.atrix of the tourinaliiie 
is described as a vein of white, hard, gounitic I'ock, ])robably a 
v<nji of granile which has become dcce.myujscd throngli tin? kaohhi- 
‘*ation of the felspars, wide!} is covered bv' a eojisidcrable thickness 
of r(‘d smhiee soil. The wddte vein, callt'd is re.-clu'd by 

S'luaie shafts, ordinarily from 00 to 75 feet in depth, and some- 
times earried to about 100 feet.. Each owner is allowed to extend 
his Avorkiugs along the vein to a distajice (d 5 fathoms from the 
centre of the shaft. Attempts have been made to reach' the vein 
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by a simple process of hydraulic sluicing, but have not proved 
altogether remunerative, owing to a lack of water except in the 
rainy season. 

On account of the extremely irregular distribution of the toui- 
maline in the veins, a successful venture is a matter of pure specu- 
lation. The tourmaline varies in colour from brown or black 
to a light transparent pink, which is the most highly ])rized .variety. 
The gems arc sold by weiglit, the pink variety, called ahtet yay, 
fetching from Rs. 1,200 to Rs. 1,000 per viss (3-60 lb.); while 
the inferior kinds, ahhi, are sold for about a tliird of that price. 
No returns of output have been furnished since 1900, when it 
amounted to 5* 11b., valued at £36. 

Ruby illiiies. — During the four years 1904 to 1907, an average 
output of 101 lb. of nibellite per year was recorded ; but no returns 
have been made in subsequent years. The tourmaline is obtained 
in the southern part of the district, under the same conditions 
as in Mong Long {see below). 

Slum States (X.).— The tourmaline mines of Mong Long were 
visited and reported on by Noetling ( 1311 -- 0) iji j89J, and a brief 
description of them was given by Barrington Brown ( 208 , 106, 
185) in his account of the ruby mines of Mogok. The workings 
are situated in the valley of the Nampai R., 2 or 3 miles to the 
N. of tlie town of M(Sng Long or Majnglon (22° 47' 30" : 96° 40'), 
in thick beds of gravelly detritus washed down from the hill slopes 
to the north of the valley. These hills a^e composed of gneiss, 
penetrated by broad veins of granite containing tourmaline as 
an accessory constituent. The gravels have beCn trenched in all 
directions in search of the gems, a rude system of hydraulic sluicing 
being employed. Though black tourmaline is common, crystals 
of the red variety arc said to be rarely found, and the output lluc- 
tuates considerably from year to year. In 1908 thirty-two stones, 
valued at £289, and in 1909 seven stones, valued at £26, were found, 
but since the latter yeai’ no returns have been received. 


KASHMIR. 

Padar.— Crystals of light green tourmaline were found by La 
Touche (1034 — 14 , 64), penetrating vein-qnartz at a spot about a 
mile to the N. of the sapphire mines near Soomjam (33° 25' 30" : 
76° 28'). The crystals were very thin in proportion to tlieir length, 
and very brittle. 
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TURQUOISE, 

RAJPUTANA. 

According to Irvine (910—1, 162), turquoise has been reported 
to occur ill the Ajmer hills, and at Ramgarh (27‘^ 15' : 75'^ li' 30") 
in Shekhawati ; but the mineral referred to is probably a blue 
copper ore (B. 435). 

The turquoise ornaments universally worn by women in the 
Himalaya, and used in a crushed state for mosaic work by the silver- 
smiths of Kashmir, probably comes from the tur(juoise mines of 
Nishapur in Khorassan. These mines have been desci’ibed by 
Griesbach (708—12, 62), Schindler (1571), and Tietze (1786 — 1). 
The turquoise occurs in trachytic breccias associated with lime- 
stones and volcanic ash beds. The (dicmical properties of the 
mineral have been discussed by Prinsep (1436—1), and Fischer 
(585). 

ZIRCON. 

MADRAS. 

(hunilmtore. — Zircon occurs in small quantities in nephelino 
syenites near Kangayam (IF' O': 77"^ 37'), but is not sufficiently 
transparent and flawless to be used as a gem (862, 274). 

Travancore. — Masillamani (1183, !)) has recoided tlie occurrence 
of zircon in pegmatite veins associated with charnockites at 
ApriYODK (?8‘^ 14' : 77'^ 14'), in the Franiel Taluk. In the 
weathered material derived^from these rocks crystals fi om microscopic 
size up to two inches in length are met with. The colours are 
reO or greyish white, luit tlie crystals are seldom transparent, except 
in i)arts. 

GLASS-MAKING MATERIALS. 

An inferio]' kind of glass, used chiefly in making bangles, is 
manufactured in many parts of Fidia from the alkaline efflorescence 
known as reli {see iijuler SODA), wlum it occurs on a sandy soil ; 
or, when sand is not pres(mt, by melting together reh and river 
sand or pounded quartz. Hitherto but few attein])ts ]]av(‘ l)een 
made to find deposits of quartz sand suitable for the inaniifacture 
of glass of better quality, but the matter apjieais to be receiving 
attention. The prospects of establishing a glass-making industry 
in India were discussed by Alakh Dhari (482) in a paper read at 
the 2nd Indian Industrial Gonference held in 1906. 
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BIHAR AND ORISSA. 

Saiital rarganas. — An investigation was nndsTta/ven in 1908 by 
...Jiliirray Stuart (1723 — i) in order to ascertair the suitability of 
certain sands in the Rajinahal hills for glass iiianufacture. Two 

kinds of sand wore examined : — • 

(a) River sand from the Ganges and some of the hill streams. 
Tliese were found to be contaminated with iron, mainly in the 
form of fmro-magnesian silicates, but they could be used for making 
cheap bottles. 

(b) Bedded sandstones of the Daniuda series, (cvposdd in the 

Rajinalial coal fields. Samples from Mancjal Hat (2iT i' : 87° 51') 
and PiK Pahau (25° 0' : 87° 50') were examined. These aj'e Avlrite 
gritty saudstouos, and require crushing and sifting before being utilised. 
They contaiji about G ])er cent, of kaolin, which would need re- 
moval by washing. Perfectly clear lead-potasli glass was made 
exporiinentally from these sands, but since it was found impossible 
to remove? all traces of kaoliji, even l>y prolonged washing, they 

would, not be suitable for tlie manufacture of high grade flint glass. 

The supply is said to bo imlimited. 

CENTRAL INDIA AGENCY.* 

Gwalior. — Pounded quartz obtained fro])i wlo’te. quartz reefs 
traversing the Buiidelhhand gneiss area, to the soutli of GAvalior, 
is used foi' glass making at tin* Alma: Wo'-ks (1034— 3D, IM). 

CENTRAL PROVINCES. 

Bisltlaim. — Lonar (19° 59' : 7(>" 31'). The soda ol)tained. I'rmu 
the Lonar ,Lak(‘ was forimnly used i]i i-(riisid<?rah!e (juantities for 
the nianufacture of class iningl^^s. In 1850, a,cc<:»rdi?ig to Sniiih 
(1658, :]), ft'crc. two I’actorios at work near the laJce, and eacli 

man einjiloye-l conld turn out from (100 to 700 hnnidcs a day. 

There iy an ubmidant yujiplv oi' eryatalline (jitartz in tke neiyih- 
boiirhood. 

MYSORE. 

Cbitaldfoof;.— M attoo (13’ 10' : 7G“ 28') and Moi.akelmuku 

(14° 43' : 70° 48' 30"). Glasy making has been carried on at these 
places for more than a cciitiiry. The industry was noted in 1814 
by Ileyne (834 — lO 354), and recently the process lias beem des- 
cribed by Sambasiva Iyer (1548 — 7, 24G). Quartz is obtained 
locally, and soda from efflorescent deposits at Kenchammanhalij(I) 
in the Roj'adurga Taluk. The materials are melted in crucibles, 
set iu rows in a furnace, each containing 176 pots. Both plain 
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and coloured glass are made, the process taking from 8 to 12 clays-^ 
according to the kind of glass that is being prepared. 

PUNJAB. 

Hallifax (741, 23) has given a general deseri])tion of the glass 
making industry of the province. The materials used ij) Lahore 
aiid Jlielum are ])o\vdered sandstone and sajii, or carbonate of 
soda, mixed in equal proportiojis. Powdei'C'd quartz is used in 
lloshiarpur. The articles manufactured are bottles, looking glasse>s^ 
and bangles. 

Keference may also be made to Baden Iknvell's 'Handbook' 
(60-1, Vol. II, 235). 

GLAUBER SALT, SULPHATES-^SODIUM. 

GNEISS, <?cc mider BUILDING MATERIALS. 

GOLD. 

Gold is very widely distributed throughout India, more so 
perhaps than any other useful mineral, with the exc^eption of iron 
ore. There is, in fact, hardly a province in which the washing 
of alluvial gold from the sands of the rivcu’s is, or lias not beejD 
]>ractLsed by the native inhabitants, though the (juantity now 
won in this way is of very insignificant jiroportions, whatever it 
may have been in the past. 

A strong distinction may be noted between tin*, conditions- 
under which gold occurs in the north of India, and those ])revail- 
ing in the south. Everywhere in the region surrounding the 
Iiido-Ciangetic plain, including the valley of the Brahma])utra ii> 
Assam, the gold is derived, not directly from th<^. rocks into which 
it was originally introduced, but from formations which are thenn 
selves of a detrital nature. Tliat is to say, the gold wliich is now 
lieing wash^al out of tln^se rocks was introdiici d, with the tiaiis- 
j/orted material of wliich they are composed. Such gold may 
therefore be called alluvial or detrital in a double sense. Thin> 
the immediate source of the gold may be found in rocivs of very 
diverse geological ages, including the Tertiary sandstones and (ori- 
glomerates of the Siwalik hills. 

On the other hand, wuth a few exceptions where the river valleys 
are occupied by the Gondwana formations, the gold of southern 
India is obtained, either directly from quaitz veins and schists 
belonging to a single formation of great age, or from recent alluvial 
deposits whose intimate connection with the auriferous reefs may 
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ia most cases be readily determined. This formation, consisting 
of chloritic, hornblendic, and quartz-hematite schists, phyllites, and 
quartzites with bands of conglomerate, traversed by a net-work 
quartz veins and instrusive basic dykes, was originally sup- 
posed to belong to the great gncissic scries of the Peninsula, but 
w^as recognised by Foote in I88b (596”-^n) as a distinct system, 
to which he gave the name * Dharwar. ’ These roclcs are ancient 
highly metamorphosed sediments, once spread over an immense 
area, whose sole remaining vestiges form a number of parallel 
bands and outlying patches, representing the lowest portions of a 
series of compressed synclinal troughs, the upper portions of the 
folds having been entirely removed by long eontinued denudation. 

As Foote pointed out in 1874 (596 — ^ii), the reef quartz is of 
two kinds, the one a blue or deep grey diaphanous variety, the 
other milk-white and more or less opaque. Maclaren has shown 
<1134 — 4, 124) that the blue quartz is associated with the metamor- 
phosed igneous rocks, — the hornblcridic schists,— and that its colour 
is due to the development of shear planes caused by intense strain, 
which has not affected the white variety. The latter is connected 
with the intrusion of the basic dykes, and belojigs to a later period 
of thermal activity. Both varieties are at times auriferous. 

The following writers deal with the occurrence of gold in India 
generally : — 

1840. Burr (238 — i). Discusses the prospects of prolitable 

gold mining in India. 

1880. Ball (71 — 40). A general summary of the information 

available. 

1880. Fiastwick (527). An attempt to sliow that the enor- 
mous stores of gold recorded as having been seized by 
former invaders of India came from the AVynaad mines, 
Identifies India with the land of Opliir. 

1881. Hyde Clarke (322). A summary of the history and 
prospects of gold mining in India, with special reference 
to the Wynaad. 

1881. Ball (71 — 44, 95). A general account of the mode ot 
occuirence and distribution of gold in India. 

1882. Lock ( 1082 , 269 — 468). A summary of informatioM 
relative to the occurrence of gold. 

1901. Evans (555 — 9, 157). Discusses the prospects of the 
development of the gold mining industry. 

1908. Maclaren (1134 — lO). A history of gold mining in 
India, with an account of the Dharwar system and the 
gold fields connected with it. 
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1908. Maclaren (1134 — ii, 48—54. 227 — 270). A. general 

treatise on gold. Discusses the origin of the gold in 

the Dharwar system. 

The following deal more especially with the gold of southeiu 
India : — 

1878. Maylor (1194—1). Notes on the occurrence of gold. 

1882. Wood (1959). Remarks on the development of gold 
mining. 

1883. Ball (71—58). Discussess the prospects of profitable 
gold mining in southern India. 

1883. Leighton (1052). Gives a history of the gold mining 
'boom' of 1879-1881. 

1885. Anon. (35 -3"). An account of the levival in Indian 
gold mining. 

1887. Marsh (1176). Notes on the oecurrence of gold and 
other minerals in Mysore. 

1887-1889. Foote (596-33; - 34 ). Gives details of the 

geology of the bajids of Dharwai* rocks in the Indian 
Peninsula, with notes on the occurrence of alluvial gold 
in connection with them. 

1891. Mervyn Smith (1654 - 3 ), Discusses developments in 
tlie gold mining industry. 

1906. Maclaren (1134 — 4 ). A detailed account of the geology 

and petrology of the Gadag band of Dhaivvar rocks, with 
results of gold washing trials. 

1906. Maclaren (1134 — S). A comparison of the Dharwars 

of India with the auriferous rocks of Australia and S. 

Africa. These three regions are considered to form a 

single petrographical province, for wliicli the name ‘ Fry- 
thrjean ' is proposed, 

{see also 6c/o^^; MADRAS, MALABAR, and MYSORE, Kular), 

During the (juinqiiennial p<uiod 1909 to 1913, India occupied 
the eighth position among the gold-producing countries of the 

world, with an average annual production of £2,242,305 or 2*37 per 
cent, of the total. In 1914 the production was 607,388 oz., or 

£2,338,355; and in 1915, 616,728 oz., or £2,369,846. 

AFGHANISTAN. 

Drummond (504 — 3, 89) and Masson (1189 — i, Vol. I, 21 3) say 
that quantities of gold are brought down by the rivers of Lughman 
Kunar, draining the soutliern slopes of the Hindu Kush, in 
Kafiristan. Peshat (34"^ 43' : 70'’ 57') on the Kunar R. is specially 
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mentionod as a locality where gold washing is carried on. Gold is 
also collected in the Kabul R. near (hiAREAOii (34'^ 40' : 70° 14' 30") 
and Jelalabat) (34° 27/: 70° 24' 30"). 

Kandahar (31° 37': 65° 43'). In .1873 Mlew ( 103 — 2 , 30) gave 
a description of a gold mine situated 3 miles to the N. of Kandahar, 
and in 1881 the locality was visiUd by Griesbach (708 — 4 , 55). 
The gold occurs in quartz veins traversing the zone of contact 
between Cretaceous (hippuritic) limestojies and outbursts of trap, 
with traces of copper and nickel. Gold is said to have been found 
in paying quantities, but owing to mismanagement the mines had 
fallen in, and were abandoned shortly before they were seen by 
Griesbach. The contact zone was traced to the 8. W. for a dis- 
tance of about 7 miles (B. 208). 

ASSAM. 

Under native rule A>s«am is said to have enjoyed a high reputa- 
tion as a gold-producing country, but several reasons have combined 
to render the industry unprofitable, and within the last 60 years 
it has become practically extinct. An interesting account of it, 
under the old conditions, was compiled in 1838 by Moneeram ( 1240 ). 
He gives a list of the rivers known to carry gold (.sv’c below), and 
describes the method practised by the mnwah (gold washers), A 
suitable spot, generally at a sharp bend in the stream, is selected 
and tested. A portion of the stream is tin m diverted in order to 
sluice away the superincumbent sand and expose the auriferous 
gravel. This is washed through a band)oo strainer [ban) into a 
trough or cradle [durani or doromji), hewn from a log of wood, 
about 4 ft. long by 16 ins. wide and 4 ins. deej), in which the sand 
is washed off by a gentle stream of water, the heavy minerals being 
concentrated in a longitudinal groove at the head of the trough. 
At the end of the day’s work the concentrates are again washed 
in the durani in order to separate as much as ))ossible of the black 
sand, and the residue is rubl)ed with mercury in an earthenware 
bowl. Uinally, the amalgam is placed on a Unio shell, heated over 
a charcoal fire, and the calcined shell is thrown into water, when 
the gold sinks to the bottom. When the colour is not satisfactory 
the gold is refined by re-heating with a mixture of burnt clay and 
salt. Robinson ( 1503 — 1 , 35) and Butler (249 — h 130) have given 
similar accounts of the process (B. 218). 

About the year 1853 Dalton and Haniiay were deputed to report 
on the auriferous deposits of Assam ( 760—4 ; 408 ), and their en- 
quiries have been supplemented by a more precise invcstigatioJi 
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carried out on certain of the rivers by Maclaren (1134 — 3) in 1903-04, 
The results of these enquiries are briefly noted below. 

The gold in the majority of the rivers is considered by Maclaren 
to be derived from the Tipam or 8ub-Himalayan sandstones and 
conglomerates, a formation of upper Tertiary age. Originally, he 
thinks, the gold may liave come from the crystalline rocks of the 
Miju ranges, lying between the head waters of the Loliit- Brah- 
maputra and the Irrawaddy. 

Karrang. — Wade (1861, 128) in 1807 mentions the Barapani 
(?B orholi, 27° 0' : 92° 59') and the Buraoaon o ■ Baruano (26° 55' : 
93° 18') as bringing down considerable quantities of gold. The 

Borholt is also mentioned by Hannay (760 — 2) as one of the 

most proliflc rivers in Assam. No more precise information appears 
to be available. 

Lakhiriipiir. — B uri Dihing. Maclaren found gold bearing gravels 
between Moko (27° 23' 30" : 95° 51' 30") and the mouth of the 

Kherim Pani (27° 26' : 95° 56'), but the gold was extremely fine 

and flaky, and in no case did it (exceed 1 grain to the ton of gravel. 

Dibong. Fairly coarse gold was obtained o])posite Njzamghat 
( 28° 14' : 95° 46'), but not worth more than 2 grs. to the ton 
(Maclaren, 1134—.!, 223). 

Digaru Mukh (27° 53' : 96° 7') both Dalton and Maclaren report 
only very small quantities of gold. 

Diiiang. Dalton (408, 92) obtained good results on this river, 
the gravels yielding 16' 2 grs. to the ton. Maclaren (1134 — .‘J, 224) 
found small quantities of gold everywhere below PASKiHAT (28° 4' 
95° 21'), and considers Sibia Mukh (27° 51' : 95° 30') to be the 
most favourable locality, but no banks suitable for dredgmg were 
seen. 

Dikrang (27° 5' : 93° 55'). This river, according to Wade 
(1861, 128), was formerly esteemed the best in Assam, as regards 
both the quality and quantity of its gold. 

Janglu or JoGLO Pani. Dalton (407 — 4) estimated the outturn 
of gold in this stream at 18 grs. to the ton, but Maclaren (1134 — 3, 
217) reports that the quantity of auriferous gravel is very srtiall, 
and that the yield was about 0’2 grs. to the ton. The gravels 
occur only near the mouth of a small tributary stream, the Hone 
Jan (27° 19' : 95° 37' 30"). 

Lohit-Brahmaputra. Two localities between Sadiya and Brah- 
makund were tested by Dalton and Hannay (408). At CJuri Mara 
( 27° 49': 95° 56') the yield was from 12 to 13*3 grs. to the ton. 
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At Parghat (27'' 53' : 96" 16') gold was found only in small quanti- 
ties, and the yield is not mentioned. Maclaren (1134 — 3, 223) 
considers the gravel beacli at Guri Mara to be woithy of furtliei 
prospecting, though he obtained only 2*3 grs. to the. ton by dish 
trials. He obtained " colours all the way between Digaru Mukh 
and Brahniakhund, but the beaches were very small, 

Noa Dihincj (27^ 33': 90^^ O'). Dalton and Hannay ( 408 , 91) 
found tlie gold of this river to be extremely line, and liable to be 
carried away in the washing. The yield is said to have been larger 
than in the Brahmaputra, but decreased on approaching the hills. 

Sisi (27" 32' : 94" 45'). Dalton ( 407 — 4 , 514) estimated the 
average yield from this river to be 15 grs. to the ton. 

SuBANsiRi. This was formerly one of the most productive rivers 
in Assam. In 1853 Dalton (407 — 4, 514) estimated the average 
annual output at about 54 oz. Some excitemeut was caused iu 
Calcutta in 1884 by a statement published in tlie Englishnuin (June 
2nd) that assays of the sand had yielded 52 oz. of gold to the ton ; 
but King (987 — 31 ) has pointed out that the assays were made on 
a sample of the concentrated sand. Maclaren (1134 “- 3 , 224) found 
that the area in which gold may be obtained is restricted to .sonic 
6 miles below the gorge by whicli the river issues from the hills. He 
considered that the mo.st promising beaches weie those situated 
below a large pool at the mouth of the DuRrAi (27" 31' : 24" 21'). 
The total quantity of gold obtainable from the sand, after removal 
of the coarser material, is estimated at 28 grs. per cubic yard. .Actual 
washing trials, without amalgamation, yielded 20 grs. per cubic yard. 
The most advantageous imdhod of exploiting the deposits is dis- 
cussed at p. 229 mj. of the report. 

Tenga Pani. Auriferous gravels were found by Maclaren 
( 1134 — 3 , 221) between Latau (27" 45' : 95" 59') and Chonka.m 
( 27" 48' : 96" 6'), but generally coutainiug far less than I gr. of 
gold to the ton. 

Sibsagar. — Three rivers \n this distiict are especially inentioned by 
Hannay (760 - -2, 628) as carrying gold. These are the Desoi or 
Desue, Diiansiki, and Janji. He was informed that on the Desoi 
and Dhansiri 15 men, working for 12 days, could obtain rather less 
than 3 oz. of gold. On the Janji the same amount could be ob- 
tained in 20 days. 

Maclaren (1134 — 3 , 226) was informed that washing is only 
carried on in the Desoi for a distance of 12 miles below the Goat 
Jan (26" 35' : 94" 26'), a small branch of the main stream, and that 
the gold very finely divided and not plentiful. 
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BENGAL. 

Midiiapore,-— In 1855 a sample of gold dust from the neighbour- 
hood of Midnapokk (22° 25' : 87° 24'), probably from the Kasai 
R,., was examined by Piddington (1405—()a). It eontaiiied particles 
of a yellowish-white, malleable and tough mimual, supposed to be 
a sulphuret of gold. The gold is probably derived from Dharwar 
rocks in the Manblium district, about the head waters of the river. 


BIHAR AND ORISSA. 

The occurrences of gold in this province are conhued totlie 
southern portion, or (Tiota Nagpur division, which is traversed from 
east to west by a formation consisting mainly of argillites, phyllites, 
jni(‘a and talc schists, now cmTclated with the Dharwar, or auriferous 
series of southern India. The geology of this region lias Ikmui d('s- 
cribed by Hall (71 — 4()), and again, with - especial rdercmcu to the 
occurrence of gold, by Maclaren (1134 — i). As in S. India, the 
Dharwar rocks are traversed by quartz veins of two kinds, tliffering 
in physical characters and in the period of theii* dejiosition ; but 
here, in contrast with the conditions prcvahmt in the tyjiical area, 
th(‘- development of gold is associated w^ith the latei' giuu-ratiun of 
veins, in which the quartz is white and opai|ne, and has not been 
subjected to orogenic strain. These veins are connected with con- 
siderable outbursts of basic igneous rock. According to a I’cport by 
F. H. Smith, quoted by Griesbach (708--:>‘t. 10), tlie richest veins 
are mere leaders of (juartz only a few inches thick. 

Many old workings have been met with along the outcrops of 
the veins, together with large numbers of grooved stones which had 
been used for crushing and grinding the (piariz (Holland, 859 — 40, 
Maclaren, 1134—1, 68); but uouc of the pits appears to have been 
carried to a greater depth than 15 ft,, and they wane ]U’obably made 
for prcispecting purposes only. 

The quartz veins are exceedingly numerous, and alluvial gold is 
consequently present in practically every stream, but in no great 
quantity. The implements used by the native gold-washers are a 
wooden tray of nearly rectangular shape, called pafta, and an iron 
hook, korne, with which the gravel is scraj^ed from among the 
boulders and from crevices in the rocks in the bed of tlie streams. 
Amalgamation with mercury is not practised, but the washers arc 
so expert that only the most finely divided gold is lost. Neither the 
quantity of the gravels nor tlie conditions under which they occur 
are favourable for hydraulic sluicing or for dredging on a remuner- 
ative scale. 
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Ill addition to those mentioned above, general accounts of the 
alluvial depovsits have been given by Hewitt ( 833 , 417) and by King 
and Pope ( 988 ). The latter work is compiled from all the sources of 
information available in 1891. 

The following occurrences are specially mentioned by various 
writers : — ^ 

Bonai. — B onai (^r" 19' : 85"^ 1'). Gold is obtained from the bed 
of the Brail in ini R. at this place (B. 195). 

Durjino (21^ 56' : 84"^ 57'). The conditions here, according to 
Maclaren (1134 — k 88), would be suitable for ‘ pond dredging,’ 
but the average yield from the alluvial gravels was found to be 
not more than j gr. per cubic yard. 

Gangpur. — Gold is washed in the Ib. R. and some of its tribu- 
taries, particularly the Icha, at and below GiRfxaKKLA (22^^ 8' : 
ar 50' 30")-~(B. 195). 

IHuiibhuiu. — A series of trials extending over 66 days was under- 
taken by Ball (71—7) in 1867 in the southern part of the district. 
Gold was found in nearly all the streams, but the average yield 
obtained by two native washers was rather less than I gr. a day. 
The SuBARNARiKiLA and its tributaries, the Karkari and Bamni, 
also the Tutko aiid IvowARf, tributaries of the Kasai (('ossyk), 
are said to be the most productive streams. Patkum (23"^ 2' : 86"^ O') 
on the Karkari is mentioned by Maclaren (1134 — I. 83) as a favour- 
able locality (B. 190). 

Some crushing tests made in 1896 by Anderson (.sec Oldhani 
1324~“')2, 4) on a cjuartz reef at Duobni, near Bororhum (23^ 2': 
86"^ 25' 30"), proved disappointing, the quartz containing practically 
no gold. 

illayiirbhaiij. — Bose (173 — 20 , 170 ) mentions an auriferous tract, 
about 2 sq. juiles in extent, surrounding the villages of Kuj)ERSA1 
(227 26' 30" : 86^^ 17') and Sapgora, at the head waters of the 
Borai R. Gold was found to a. depth of 2 ft. in the alluviiiiii. 
The richest dejiosits occuired in the neighbourhood of dioritic dykes 
with iron pyrites, traversed by thin veins of quartz. Deposits of 
similar extent wore found on the Godia stream, near Ruasi and 
Gohadongri (22'^ 24': 86'^ 20'). Here a layer of gravel, 3 ft. 
thick and covered by 12 to 15 ft. of alluvium, was found to be the 
richest portion of the deposit. 
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Sa mbalpur.— Ouscley (1349—3) has described the process of gold 
washing, as practised in the Mahanadi at Sambalpur (2P 28' : 
84"^ 2'), and Kittoe (994—5, 37C) says that it is found in many of 
the streams flowing from the gneiss in tlm neighbourhood of the 
town. Ball (71 — 190) found a party of gold wasliers at work 
on the Ib R. at Tahu].) (2R 36' : 84'' 2'), but gives no particulars 
of the yield. He thought that the gold in these rivers might be 
derived either from the gneiss or from conglomerates of Talcher 
(lower Gondwana) age ; but since the discovery by Maclaren (1134—1, 
72) of Dharwar rocks in the valley of the Ib, it is not necessary 
to seek further for the source of the gold (B. 200). 

Singlibhiiin. — Except where otherwise stated, the localities noted 
below are taken from lists given by Kaughton (785-1. 107) and 
Ball (71 — 40, 142). The lists merely serve to indicate, the ])laces 
most frequented by the gold washers (B, 192) : 

Asantokia (22° 36' : 85° 33' 30"). (Jold is said to occur in situ 
in the neighbourhood. 

J)hipa (22° 26' : 85° 16'). Small (iiurititics of gold are ob- 
tained from the Koel R, here and at Anandapor, a few miles higher 
up the riv(U‘. 

Gurtta R. Oates (1315, 436) says that ]5J grs. of gold were 
obtained in two weeks' washing at a point 4 miles to tlni M of 
Raj DOHA (22° 42' : 86° 21'). About 1 ton of gravel per day was 
washed. 

Kamkrara (22° 15' : 86° 43'). 'riie sand of the Subarnarikha 
R. here contains gold. 

IvAPAROADf PASS (22° 38' : 86’ 23'). A nugget of gold is said 
to ha’Pc been found close to the pass. 

Landu or Nadhp (22° 44' : 86° 15'). The cop])er ores at this 
locality were found by 8toehr (1711 — 353) to be slightly auri- 
ferous. 

Patiahdiah (22° 30' : 85° 16'). In 1901 a certain amount of 
dev<4opment work was carried out here on a series of (]uartz vuans 
or beds of quartzite, in which visible gold had been debated. The 
occurrence has I)een desciibcd by Jlatch (784 -2), who obtained an 
aveiage yield of 4 dwt. of gold from 6 sam})l(^s tak(‘n from several 
of the veins. According to Maclaren (1134—1, 78). the gold is 
associated with thin veiits of wliite opaque quailz, pemdraiifig blue 
pyritous (juartz belonging to an older period of deposition. 

Porahat (22° 36' : 85° 30'). Gold washing is j)raetised in the 
8anjai R, The locality is mentioned i)y Maclaren (1124 — 1., 83) 
as one of those most frequented by tlie gold washers of the district. 
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Sausal (22^^ 38' : 85*^ 30'). The mode of occurrence of gold at 
this place is described in detail by Maclaren (1134 — 1, 76) UvS typical 
of the wliole area. The gold is confined to a few thin ‘ leaders ' 
of quartz with argentifei'ous galena, extremely irregular in exten- 
sion, penetrating chloritic schist. The best, samples showed about 
2 dwt. of gold to the ton ; but not more than a ton of the quartz 
was available in sight. 

SoNAPET (22'^ 53' : 85"^ 44'). The Sonapet valley has always 
enjoyed the lepntation of containing more gold than other ])arts of 
the district. The discovery of rich specimens in 1888, followed by 
some prospecting, led two years later to much wild speculation in 
Calcutta ; but during the year 1892 a complete r olhipse set in, 
and of 32 Companies, with a capital of neaj’ly a million pounds, 
floated in the early days of the ‘ boom,' but two remained in exist- 
ence at the end of the year. An examination of the deposits made 
by Noetling ( 1311 - 1>) in 1889 tended to confirm the exaggerated, 
reports of their value, though no definite trials seem to have been 
undertaken. Later investigation by Maclaren (1134 — l, 82) has 
shown that the mass of the alluvial ground contains from 1 to U gr. 
of gold per cubic yard; and that the yield from the 6 inches or 
so of bottom gravels is not more tlian 2 grs. per culnc yard. The 
conditions are favourable for the storage of water for hydraulic 
sluicing ; but the low value of the gravels precludes any hope of a 
profitable return. The localities considered by Maclaren (l,c.) to be 
the ]nost promising from the prospiector’s point of view are (e), 
the high range between Maniiarpur station (22^ 22' : 85'^ 10') 
and AnI^ua (22*^^ 18' : 85° 20'), where 4 samples from the Snkha 
stream showed an average of 2 grs. of gold per cubic yard : and 
( b ), the country lying between Sonapet and S.vinsal. 

Talcher. — Cold is reported by Blanford and Theobald (150, 88) 
to be washed occasionally in the Tikiiua R. (21° 9' : 85° O'), and 
its tributary the Odlt. The quantity collecti'd is said to be v(*ry 
small (B. 189). 

BOMBAY. 

.t,. 

BHgaiim. — B ulvaui (15"^ 43': 74° 58' 30") and ifoNciAL (15° 
40' : 74° 55'). Aytouii ( 51 - 1 , 8) wiys that hn- obtained gold by 
washing in the stieains that flow into the Malparba R. near these 
places; hut Foote (596 — il, 141) was unable to eonfirtn the .stato- 
nient (B. 207). 

Mukgoi) (15° 53' : 74° 59' 30"). Foote was informed that 
small quantities of gold are obtained from the stream beds near 
the town (B. 207). 
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Bijapur.--«GULUDEGUD (16^ :V : 75^ 51'). A ro])ort that gold 
occurs here is considered by Foote (596—11, 142) to have no found- 
ation in fact. 

Dliarwar.— D ambm. (ir/' 18': 75^'’ 50'). The existence of alluvial 
gold in the streams draining the northern and western Hanks of the 
Kappatgod hills near Danibal was repoi'ted by Ncnvbold (1294-15; 
-- 29, 209) in 1840. Large numbers of JaUjars. as the loeal gold washers 
are called, were then engage I in collecting gold from the streams 
between DiiONi (15° 17' 30": 75° 47') and Slirtur (15^ 14' 30": 

75° 40- 30"), especially after heavy rains. The total minual outturn 
was estimated at about 200 oz. ; but wlnm Foote visited the field 
about 30 years later he found only three fnen at work. 

Trial washings made by Aytoun (51 — i. 2) In 1854, and subsc' 

(|uently by Le Houef and Schott (sec llaliour, 69 -"*^, 2iul Edn., 

\o\, II, 349), did not give favourable results. In 1874 Foote des- 

cribed the geology of the tract (596— ii), ajid the Jahjars' method 
of washing. A cradle about 3 ft. in length, mad(‘^ of light i)lanks, 
was used for concentrating the sand, which was afterwards panned 
off in a wooden tray, and the residue treated with meivury. Erom 
1-^ cubic yards of gravel collected at what were ('onsid(‘rcd to be 
the most likely spots the yield was a trifle over bjl grs., or about 
4 grs. per cubic yard (B. 204). 

During his survey of the Darnbal tract, Eoote (?.c., 135) discovered 
an auriferous reef to the N. of the village of Attika'ITI (Itum'KK- 
Kuttee, 15° !()' 30": 75° 43'), with abundant indications of ancient 
gold workings. About 30 years later the laud was ])ros])(*cted by 
the Dharwar Gold Mines Go., and in 1907 mines wer(‘ ()])ened by 
the Dharwar Reefs Gold Mining Go., ne,ar tlie village of IvAiiULAYAT- 
KATTi or KABLir4ATTi (15° 18' : 75° 42'), in the northern portion 
of this reef, in that year 4,910 crude ounces of gold were produced, 
and in 1908 the output was increased to 7,242 oz. ; but it then 
began to decline, and the mines, together with others that- w(u*e 
being developed in the neighbourhood, were clostal in 1911. The 
operations at Kabligatti have been described by Ahhus (16 — 1) 
and Reuning (1474). 

The Kabligatti series of reefs has been traced soiithwaids for 
a distance of 8 miles into the Sangli State, and a parallel series 
occurs near Hosur (15° 18' : 75° 38'), about 3^ miles to the west. 
In both these areas there are numerous traces ol old workings. 
These reefs were also being developed in 1900 by the Dharwar 
Gold Mines and other Gompanies, but none of the m appears to have 
ever reached the producing stage, and the mines are now closed. 
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The Dambal gold field is situated near the northern end of a 
band of Dharwar rocks, described by Foote (596 — 34 , 49) as the 
Dainbal-Chiknayakkanhalli, and by Maclaren (1134 — 4 , 97) as the 
Gadag band. Reefs are very numerous, but of no great extent or 
thickness. The value was found to vary from nil to 3 oz. 15 dwt. 
to the ton. Two sets of reefs were distinguished, one consisting of 
diaphanous blue quartz, associated with the metamorphosed igneous 
rocks, and a younger series of ferruginous white quartz veins, 
which at Kabligatti are associated with carbonaceous argillites. 
At Hosur the rocks in the immediate vicinity of the quartz veins 
are talc and chlorite schists. The ancient workings, whicli in places 
attain a depth of 300 feet, are confined to the reefs of white quartz, 
but according to Aiders, the blue quartz is sometimes also auriferous. 

Kalliiawafr. — Jacob (924 — 2, 35) states that gold in small quaii- 
titles is obtained from the sands of the Soiirckha R., which rises 
in the Girnar hills (21^^32': 70"^ 35'). These are said to be composed 
of granite, probably of (.Vetaceous age, traversed bv veins of (]uartz 
(B. 208). 

BURMA. 

Bassein.-- Patou (1374, 379) says that gold dust and silver are 
washed from the sands of the wat<u'courses in the neighbourhood 
of Bassktn. The quantity obtained is apparently small. 

Bliamo.— The gravels of the Mole Kyaung (24° 20' : 97° 13'), 
and of the Taping (24° 17' : 97° 16'), so far as the latter river lies 
within British territory, were examined by Maclaren (1134 — 9, 114) 
in 1906, but were found to be commercially valueless. Griesbach 
(708 — 22, 129) mentions an oecurrcnce of gold in decomposed gneiss 
at Myothat, on the Ta])ing R. 

<1iimhviii (Lo>ver).—Bion (127, 250) reports that gold washing is 
carried on spasjm^dically during the rains at Alon (22° 12' ; 95"' 
8') and Kani (22° 27' : 94° 53'). A little gold is also won in 
the bed of a torrential sl.rcam descending from the Mii-Kyaukka 
watershed near Tuazi (22° 14' 30": 95° 18'). At Kani the gold 
is said to have been collected by placing the horns of wild cattle, 
with the hair on, in the bed of the river (B. 230). Bion, however, 
docvS not mention this practice. 

fliiiulwin (llpper). — In 1832 the Recurrence of alluvial gold in 
the Ningthee or Phindwin R. was noted by Grant (692 — 1) with a 
description of the method of gold washing, which is similar to that 
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practised in Assam, except that mercury does not appear to liave 
been used. In a second paper (692-2, 125) he says that all the 
streams entering the Chindwin from the eastern side ab(jve Hilao 
(Hklaw, 24° 10' 30" : 94° 43') carry gold (B. 227). 

In 1836 the Hukawng valley was visited by llannay ( 1385 , 
270; 760 — 0, 12), who reported that gold is found in all the streams 
draining the valley, and that it occurs in greatest abmidauee in the 
Kapdup and Namkwan. He says that pieces the size of a large 
pea are occasionally found (B. 230). 

During the course of an investigation of the auriferous gravels 
of Burma, the Upper Cliindwin area was visited by Maclaren in 
1906, but his report was regarded as confidential, and has not been 
published. Some details were given in a communication to the 
Miuhig Jounial (1134 — O) in 1907, but the following information is 
abstracted from an exhaustive report submitted by Bion in 1913 
( 127 ). The localities visited are situated partly on the main river, 
and partly on the Uyu, which Hows in below Homalix (2k 52' : 94° 
57'), Gold was found both in the recent river gravels and in old 
terraces above the present flood level. 

(1) In the main river. 

Hklaw (24° 10' 30" : 94° 43'). Recent gravel deposits occur at 
the heads of two islands (IIelaw and Gyooon), and on a sn\all 
beach at Ywatha, extending in all for a distance of about I j mile 
along the river. In each case the gold was found to be confined 
to the uppermost layer of gravel, seldom more than a foot in thick- 
ness, overlying sand with no gold. Its distribution in this su})er- 
ficial layer is also very inconstant. Of 16 trial pits put down, 
only three showed more than a grain of gold pei‘ cubic yard. The 
■ average yield was not more than half a grain. 

Trials were mad<^ at several places above Helaw, both in the 
recent gravels and in the river terraces, but in every case the wash- 
ijigs yielded only traces of gold. 

(2) In the Uyu river. 

Khaung-ngo (24° 48' : 95° 14'). Gold is washed from sajid 
banks in the bed of the river. The average yield was estimated at 
about 2 gr. per cubic yard. 

Kyoein (24° 50': 95° 20'). In the neighbourhood of tltis 
village gold is obtained from terraces of tlie older alluvium, com- 
posed of alternating, lenticnlar beds of sand and gravel, using ta 
an average height of 50 ft. above the present river level. The 
deposits are worked by a system of ground sluicing. VVatiu’ is led 
in channels to the foot of the scarped faces of the terraces, and the 
material dug from them is washed in tail races, connected with the 
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channels, for several days. The sand is then cleaned up and 
panned off in the usual way. 

The results obtained from a large number of trial pits and 
trenches show that, although rich pockets are sometimes met with, 
the average yield is rather less than 2 grs. per cubic yard. In one 
instance 5 556 grs., and in another 4474 grs. per cubic yard 
were obtained. All the terraces examined lie within a radius of a 
mile from Kyobin. 

Similar terraces are reported to be worked at Mekkalek (no* 
shown on map), and in the neighbourhood, but these were no; 
visited. 

The district produced 45'6 oz. of gold in 1914, and 50 25 oz. 
in 1915. 

Kareniii. — O’Riley (1340 — 9, 53) states that he obtained small 
quantities of gold in the Myet-nan-kymino, to the E. of Toungoo. 
He was informed that the Burmese had obtained a considerable 
amount of gold at this locality. 

(*iVui'!Ilio) } -—Kyaukpazat (24° 6' : 95° 54'). A specimen of 

auriferous pyrites from the head waters of the Meza R., to the 
N. of Wuntho, was analysed by Romanis in 1886 (1511—10; — 12), 
and found to contain 87'60 per cent, of gold. Concentrates from 
the same locality gave 74'83 per cent, of gold with small quantities 
of platinum and iridosmine. In 1894 the tract was ‘examined by 
Noetling (1311— is, 117), when the source of the gold was found 
in a network of pyritous quartz veins traversing a series of bedded 
andesitic tuffs, po.ssibly of Devonian age. 

A mine was soon afterwards opened at Kyaukpazat, where 
Mr. C. M. P. Wright had discovered traces of old Burmese workings. 
The vein, as described by Stonier (1715 — 1), was 240 ft. in length 
with an average thickness of 3 ft. 6 ins. In 1900 it had been proved 
to a depth of 420 ft. The average yield of gold was about 14 dwt., 
of which 9 dwt. was e.xtracted by milling. The raining operations 
have been de.sciibed by Broinly (200) and Maclaren (1134 — 9), and 
the process adopted in cyanidiug the ores by Wright (1972 — l). 

The output of gold from the mine increased from 1,120 oz. in 
1898 to 1,984 oz. in 1902, but in the following year the pay chute 
was lost, and efforts to discover other profitable veins in the neigh- 
bourhood having failed, the enterprise was abandoned. 

An auriferous vein of similar character, but only 9 ins. in thick- 
ness was discovered by Stonier (1715 — 1, 63) at a spot about 14 

200 



GOLD. 


miles to the N. of Banmauk (24° 24' : 95° 54'). Wliere tested it 
contained 9 dwt. of gold to the ton, with 2 per cent, of copper. 

Hyaukse. — Middlemiss (1219 — 22, 151) was informed that gold 
occurs in situ in quartz rock or gneiss on a hill about IkOOO feet high, 
about 10 miles to the N.E. of Myogyi (21° 27' : 9b° 24') in the 
Baw State. This is perhaps the site of a ‘ gold mine ' mentioned by 
Strover (1721) as occurring near the Myitnge Ji. to the S.E. of 
Mandalay. 

llergui*— Both Heifer (808— T), 33; —7, 231) and Bose (173—18, 
]63) mention gold washing on a small scale in the Teiuisseriin K. 
at the old town of Tenasserim (12° 5' : 99° 3'), and Heifer also 
speaks of its occurience in the tributaries of the IjAMAiNf} B. The 
attention that has been bestow^ed of late years on the alluvial 
deposits of tin ore in the district renders it improbable that gold 
should have escaped notice, if it occurs in payable quantities. 

Page has reported (see Holland, 859 — 7i, 56) the existence of 
gold washings on Horsboroitgh I. (10° 12' : 97° 55'), and of 
pyritous veins carrying 10 dwt. of gold to the ton on Busskl 1. (?), 
in the Mergui Archipelago. 

M>itkyina. — In 1901. a concession was granted to Messrs. M.oore 
and Terndrup for dredging in the Irrawaddy for a distance of 120 
miles below^ the confluence of tlie Malikha and the 'N Maikha 
(25° 14' : 97° 33'). The coma^ssion is now held by Die Burma 
Gold Dredging Co., and covers about 60 miles along the course of 
the main river, 25 miles on the eastern branch, the 'N Maikha, and 
5 miles along the Malikha. The mimbiu* of dredges has l)een in- 
cjeased from one to five. Gold is disseminated fairly nnifonnly in 
the gravel. The average value is about 3 grs. ))er cubic yard. 

The annual output during the finst five years of working increased 
from 370 oz. to 7,950 oz., and in 1909 reach(‘d 9,041 oz. It then 
fell off to an average of 5,270 oz. for the four y(‘ars 1910 to 1913. 
Th(‘, output in 1914 was 3,635 oz., and in 1915, 3,107 oz. 

Pukokku.— Scott (1601, Vol. II, Pt. 2, 722) records that gold 
was washed up to the time of the amicxation of Upper Burma 
in the Balioncliaung near Uhavkgzo^’gyi (21° 49' ; 94° 48'). 
8inall quantities of gold arc still returned as being procured in the 
district. The combined output from Katlia and Pakokku was 
‘^0-31 oz. in 1913, and 12-59 oz. in 1914. 
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Promc.— 811WEGYAING (IS"^ 3' : 95*^ 30'). Gold washing on a 

small scale was witnessed by Theobald ( 1763 — 10 , 313) at this place. 
The gold was found in a bank of coarse gravel, left dry by the river 
after the rains (B* 228), 

Shan S(a<es (N,). — Loi Sar (22"" 41' : 31'). A small area in 

the southern part of the Mong iiong State, in which it was reported 
that g(^ld washing was practised by the Shans with good results, 
was examined by Goggin Grown (211 — 3 ) in 1911-12. The locality is 
difficult of access, and as the streams flow in deep, narrow ravines, 
the gravels are of limited extent. In the largest of the streams, 
the Hwe-gna-sang, draining the eastern flanks of Loi Sar, the 
deposits cover an area of 9| acres only. Trial pits gave an average 
yield of 3*185 grs. of gold per cubic yard. The highest yield, 
9*687 grs. per cubic yard, was obtained from the bottom layer 
of a patch of gravel, about 1| acre in extent, at Kungwo, 2 
miles to the S.E. of Loi Sar. The gold is derived from a series of 
quartzites and chloritic slates of pre-Cambrian age, traversed by 
numerous quartz veins. Although the gold is coarse grained, and 
is giometimes found adhering to quartz, none of the veins, when 
tested, showed any trace of gold. 

Namma R. (22^ 55' : 98^ 29'). In 1905-06 an attempt was 
made to exploit the auriferous gravels on the Namma R., a small 
tributary of the Salween, by dredging. Preliminary exploration had 
shown the existence of some 40 million cubic yards of gravel, with 
an average value of 5*43 grs. of gold p(w cubic yard. It was soon 
found, however, that the clay in which the pebbles and bouldei's 
am embedded had been hardened in places by inlilt ratio ns of carbo- 
nate of lime, which interfered seriously with the working of the 
dredge, and the venture ended in failure (862, 96). 

Slian States (S.) — Loi Twang (21° 56' : 97° 43'). The existence 
of coarse gold in the streams on the northern side of Loi Twang, a 
hill situated at the junction of the Mong Tung, Kehsi Mansam, 
and Mong Kiing sub-States, was brought to the notice of Govern- 
ment by the Sawbwa of Ilsipaw in 1905. In the following year 
trial pits were put down and washings made by La Touche ( 1034 — 33 ) 
in all the streams draining the hill; but the results were disappoint- 
ing, the quantity of gravel from which an average yield of more 
than a grain per cubic yard might be expected being very small. 
The gold is derived from sandstojies, probably of Cambrian age. 

The Shan gold washers use a circular wooden tray, hollowed to 
the form of a shallow cone, and painted with black lacquer on the 
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Inside, in order to show up th(3 spangles of gold. Anialgaiuation 
with mercury is not practised. 

xMagwe (20" 37' 30": 96" 36'). Middlerniss (1219 151) was 
informed that gold occurs about to 5 miles to tlie W.iV.W. of 
Magvve, in the Thamakan State. It is said to be found in a quartz 
vei]i, and to be washed for in the streams to the N. and N. AY. of 
the same place. 

Taungleuyin (20" 40': 96" 29'). Jones ( 952 — 1 , 194) was in- 
fonned that gold is obtained froni a stream near the village, but was 
unable to visit the placm 

SlnMdx).— T jilngadaw (22" 57': 96" O'). Oldham (1326 -17, 336) 
and Anderson (29 -^, 201) mention gold washings in the Kibi\ing 
and Ponnah streams, in the neighbourhood of the Thingadaw coal 
mines (B. 231). 

Ten and a half ounces of gold are returned as having bciui collected 
in this distjict in 19M, and 7-31 oz. in 1915. 

Tavoy. — Kalet.v Aung (14" 36' : 98" 12'). Small {|uantitios of 
gold are obtained, according to Ol’tiley (1340-*‘h 737; — 0, 21) 
from the Ozin Ba Kyaung and the Im Ba Kyaiing, near the head 
of the Tavoy river; and from the streams llowing into the bay of 
llENZAi (II’UNZE, 14" 45' : 98" O'.) 

Tonngoo. — S hwegyin (17" 56' : 96" 55'). A small sample of 
auriferous sand procured near tlui junction of the Aln-ta-fua and 
Shwegyin rivru’S, about 10 miles to the S.W, of Shewgyiii, was 
'reported on by Oldham in 1853 (1326 — 4 ) and 1856 (1326 — U). 
Onedifth of a cubic^ foot of sand yielded 0-95 gr. of gohl, or at the 
rate of over KH) grs. ])er cubic* yard; but sul)sc(|n<‘nt •exploration 
showed that the* averages value of the dc'posits was ten) Inw to repay 
Ihe^cost of working (B. 228). 

CHNTRAl PROVINCES. 

Tlie most recent information rc'gjiniing the occurrence of gold 
in the ('cntral Provinces is given by Nunn (1313) in a monograph 
on local gold and silver ware, ])ul)]ishc3d in 190!. W it!i one excep- 
tion, tlie gold is obtaiin d by washing the sands of tin* rivers V3diich 
drain areas occupied by Dliarwar rocks, in qiiantity it a])|)(3ars io 
be no more l^han sulKcicnt to atl'ord occasional {'in])loymcmt te a 
few individuals. 
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Buiaii^lnit. — Lanji (*21^ 30' : 80"^ 30'). Crold is washed from the 
sands of the Son and Deo riveivs in Lanji pargana, according to 
Jetikins (988--1, 213), Wilkinson (1933, 292) and Hislop and Hunter 
(843, 380). 

Mau (22^’ 13' 30" : 80^^ 12'). In the Nahr R. 

Pancheba (2D 05' : 80^ 16'). In tlie Sonabera R. (B, 202). 

Basfar.—KoLAR {\if 54' 30": 8D 12'). Pautabpur (19° 59' 
30" : 80° 48'). In tlie Kolar R., aceordiitg to Rose {see (jlriesl)ach, 
708 — 31, 38). The ('entral Provinces (4azetteer also mentions Rha- 
RAMOAKJi (19° 25' : 80° 39' 30"), at the junction of the Jvuthari 
and Tiulravati rivers (B. 202). 

Bhainlara.— A.MBA(;ABn (21° 26' 30": 79° 43' 30"). In the Marii 
stream, accoi’ding to Wilkinson (1933, 292). 

Tirora (21° 24' 30" : 79° 59'). In a small tributary ('(Baghnadi) 
of the Wainganga (B. 202). 

Nunn (Z.c., 7) quotes an ae(*ount of the method of gold washing, 
which is similar to that practised in Jash])ur and Singhbhuin. 

Bilaspur. — Sonakhan (21° 24' : 82° 38' 30"). In the Jonk U., 
according to Wilkinson. A former gold mine, beneath the hill at 
Sonakhan, is mentioned by Voysey (1853—7, 857) — (B, 201). 

Ja.slipnr. — Pharsabahal (22° 30' : 83° 55'), A report submitted 
by Robinson iu 1849, on a gold tract lying in the valley of the IbR., 
in this neighbourhood, was published by Hangliton (785 — U 107 ) 
in 1851. Great activity had been shown in woi’king ttie deposiis, 
which are described as being ridd]e<l with shafts from 21 to 69 ft. 
in depth. A full account of the operations of tlie Jhoras, ur geld 
washers, was given by Dalton (410 — R 13) sixtce?i yeaT’s later., A 
cradle, dhuin, is used for concentrating the sands, and a tray of 
smaller size than that used in Singh bhum, but twice as deep, Dr 
panning off the c.oucentrate.s. A modified form of ground shii{‘iiig 
is also practised during the rainy season (B, 19G). 

No estimate of the value of the gravels lias been publisiied, but 
Robinson (auusidei-ed that they might be worked with profit. The 
gold is probably dwved from bands of Dharwar rocks, discovered 
in this and the adjoining tracts by Maclaicn (1134 — l, 72). 

Jubbulpore. — >Sleemanabax> (23° 38' 30" : 80° 19'). The metalli- 
ferous lodes in this neighbourhood, alr<‘ady mentioned under the 
heading Copper, have been found to contain a certain amount ci 
gold, varying from nil up to 15 dwt. to the ton (861, 236). 
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Maiidia, — Gold is said to have been wasliod in tht' Ban.tar R. 
before the famine of 189(5 — 97, l)iit the praetiei' has since been 
abandoned as unprofitable (Nunn, lx., (5). 

Kaiiuin—RAJOO or Rajlm (20^ 58' : 81 5G'). According to 
Wilkinson (1933, 292), gold is washed liore from the bed of tlie 
xMalianadi R. (B. 201). 

Seoni.— P acudhar (21'’ 44': 79'^ :]\'). In the Paehdluir and 
Bawenthuri rivers. The takings are said to have averaged 3 oi* 4 
annas a day (see Hayden, 793- -:w, 20). 

IJdaiiMir. — RABKiron or DiiAiiAMJAmAKii (22^ 28' 30" : 83 * 17'). 
The dejmsits of the Mand R. Inav, as described by Ifaiigliton (785—1, 
110) and -Dalton (410 — B 22), are similar to thos(‘ in Jashpnr, and 
were worked in the same way. I'he yield of each. <Uixin or c.radle 
is said to have beeji a])out 3 grs. a day. 

Gold is also washed on the following tril)ntaih‘s of the iMaird R. 
0)1 the Rharari at Bakaruma (22 ’ 31' 30" : 83" 29'). 0)i the 
Koiija at Kaaihar (22'" 35' : 83'' 18' 30"). On tln‘ Maiih at Jamaroi 
( 22'’ 31': 83'' 18'). And on the Sangiil at S-\lkao (22" 43': <S3' 
22' 30") and other villages in the iteighl^onrhood (B. 198). 

liYOPRABAD. 

Kaicluir, — The gold (ields of this district ai’e sitimted on tlie 
Waski band of j.)harwar rocks, descrilx^d l)y 15)ote (596-*“34, 34) 
in 1889. Large Jinmbers of ancient workings were noticed at threo 
localities : — 

Hclti (in'" 12' : 70" 43'). Now worked by the Hntti (Nizam's) 
(h)ld Mines, Ltd., an offshoot of tlie Hyderabad (Dec-^-an) Oo. Iffie 
old workings liere are the deepest known in India, one of the shafts 
at least j-eaching a depth of G20 feet. 

( rusliing liegan in 1903 with 10 head of stamps, since increased 
fo 3(). The total ontput for 1 1 years, 1903 to 1913, has been 
150 ,c40oz., or a yearly average of 13,700 oz. Tlie ()iit])nt iji 1914 
was 21,200 oz., and in 1915, 17,870 oz. 

lopui/ooDi (IG'' 10' : 7G‘'’ 51'). A mine was opened here by the 
Toi)ii],lo(li (^Nizam’s) Gold Mines, Ltd., in HW8, wlnni ■2,i:!2 oz. oi 
gold were produced. FurtlKU’ development, howcivor, showed that 
he on; is of very low grade, and the mine was soon closed. 

Moxdau .1 (16° 14' ; 76° 48'). A subsidiary comi-any was formed 
lo o]nni up the old workings here about the y(;ar .1891, Init ceased 
operations in 1900. The most productive year was 1899, when 
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18,970 tons of ore were cruslied for a yield of 7,822 oz. (Maclaren. 
1134-11, 258). 

Warangal. — Walker (186S^-5, 184) mentions a tradition that a 
gold mijm. was formerly worked by the Pahincha Eaja at Gudalfr 
near M^ngapet (18^ 15' : 80^ S5'), and that gold was washed in 
seve al of the streams flowing into the Godavari. Ball {see King^ 
987 — 23, J99) thought that the gold procured from the bed of the 
Godavari at Mungapet, and at the mouth of the Kinarsani R. near 
BirADPACiiALAM (17° 40' : 80° 57'), is brought in by streams on 
the lij'derabad side of the river, and that it is doubly derivative 
from Kamthi (Gondwana) rocks (B, 187,203). 


KASHMIR. 

BaUislan.-BASHA R. (35° 41' : 75° 30'). Vigno (1846-4, \ol, 
11, 287) says that gold dust is ])]‘ocurod from the sands of this rivev, 
wliich is said to be the most ])rodiictive in Little Tibet. 

Kapalu (35° 10' : 76° 24\). Gold washing at this locality is 
mentioned by Thomson (1777—3, 212), 

Bras.— Ktiap,bu (34° 33' : 76° 3' 30"). Old di ggings in auriferous 
sands are iiicntioncd by Bellow (103—3, ]03). The deposits were 
examined in 1907 by Huidingtoi (897—7, 52) with disappointing 
results. 


Ladakh. — The occurrence of gold in the Indus and 8hyok riveis 
is mentioned by ('unninghain (399 — r>, 232), but no particulars of 
the yield arc given. 

Acujxathanc! (31° 31' : 7G° 42' 30"). A number of pits made 
by lial'i gold washers were noted by Drew (502 — 3, 207) in ;ui 
ailuvial terraces al/out 120 ft. above the Indus E. at this loeality. 

Kto or P'Kio (31° 0' : 77" 19'). Great numbers of pits, many 
of llnni of j'ceent excavation, were seen here by Lydckker ( 1109 —-:'. 
49 : — iis. 333) in 1880. Tins gold i.s believed to have been rlerived 
from fjianl/i veins in the neighbouring Kuling ((,'arboniferous) seiics 
(B. 213). 

Itnpsli)!. — P ara E. Small quantities of gold are said to liav 
ticen obtained liy Tibetams from sub-recent gravels at (ilua '' 
Samdo (32° 32' ; 78° 42'), on the border between Euj'siiii and 
i o-tzo. A small amount of materia! was panned by Hayden (793- "■ 
'('r2), but no gold was found. 
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Tlie production of gold in Kashmir is subject to great tliictuations. 
In 1903 the output in Ladakh was j()G oz., but in the throe follow- 
ing years it was returned as 21 oz., 10 oz., and L8 oz., respectively. 
Since the year 1905 tlie only output recorded has been 23G oz. in 
1910. 

MADRAS. 

Anantapur. — A belt of Dharwar schists, including several large 
fpiartz reefs, was discovered i)\ tin's district by AVether('ll (1915 -*:>), 
in 1902. Old gold workings were lound near tln‘ village, of RAMOiKt 
(14"^ 18^ 30^' : 77^ 33^), and two (V)mpanies, the Xortli Anentapur 
and Jibutil Gold Minos, Ltd., arc now at w^>rk on rlu' devel()|)ni(n\t 
of the property. The production of gold has risen from 2,532 oz. 
in 1910 to 23,870 oz. in 1915 ( 862 , 92). 

Bcllary.-— J ajkul Gudoa (14^ 51': 76^ G' 30"). Gold wnrs obtain- 
ed by Foote (596 — 3i), lOG) from some ot the streams draining tlio 
Jajkul Gndda, a hill lying about G miles to tlie IGN.E. of llarappau- 
halli. Tbe streams in order of richness were tl\e Kongauahosur on 
the east ; a small stream AV. by N. of (diiggattuni ; and a stream 
near Gliangalii on the western side of the liill. Maclareu (1134 —4, 
119) sa 3 ^s that exhaustive trials in the Konganaliosnr stream gave 
very poor results. 

(k)lmbatore. — Some outlying bauds of suppos(‘d Dliarwar schists, 
associated with charnockitc and basic intrusive rocks, on whicli old 
gold workings bad been discovered by Mr. K. Mon*is. w(‘re i^iported 
on by Hayden (793 — 7) in 1901. Four sets of old workings 
■were examined, situated at the following localities : — 

Lexsibetta (IH 42' 30": IT 2V). No free g(4d. was observed 
in the reefs, but it occurs in the soil near ilie outA* op in consider- 
able quantities. Samples taken from two old shafts sunk on small 
leaders of quartz gave an average yield of 7 dwt. pei' ton, ainl traens 
of gold, respectively. 

Hadabanatta (ir 56' 30" : IT 21' 30"). Old workijigs are 
very numerous, but not more than 20 ft. in de])tli. The reef varies 
Iroin 1 ft. 9 ins. to 8 ft. in thickness, and contains co])pcr as well 
as gold. Of 12 samples taken oi\ly 2 yielded more than traces of 
gold.^ 

Kavudahalli (12° 4' : 77° 30'). Old workings can bo traced for 
about 3 miles. Prospecting operations have shown tliat the oro 
bodies are mere stringers of quartz, of no practical importaiice. 

PoRSEBYKE MINE, mile to the N.E. of Porseu aunbanpalayam 
(IT 53' 30" : 77° 21'). Three shafts h^d recently been sunk near 
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some old workings on a large reef, but no traces of the reef had 
been found below ground. 

iWartura. — Palakanatji (1(P 2V 30" : 77^^ 52'). Small quantities 
of gold are obtained, accf)rding to Muzzy ( 1278 , lOi) aial Nelson 
( 1286 * 30) « from the deti’itus brought down from the Palni hills. It 
is also said to be found in the Vniom E. (10'^ 0' ; 78'' O'), draining 
the same hills furthei' to the south (B. 179). 

iHalabar. — The occurrence of alluvial gold in the rivers and 
streams of the southern portion of the Malabar district has received 
attention at intervals since the y(^ar 1793, wlien information on the 
subject was supplied by the local officials to the (h)V(‘ruor of Bombay 
{see Plndrefid and Nicolson, 1617 ). Eeference is made to it by tlie 
following writers : — 

1829. \'oimg ( 1983 , 48). Fine speciniens of gold an^ said to ))e 
found in the rivers west of tln‘ Nilgiris. 

1831, 81)eifield (1617, 5). (dvrvs a list of the streams whielt afford 
the hvi’gest su])|)l}' of gold, and the lesrdts of an (mquiiy carried out 
by Lieuttmant Nic'olson. Tlie (|uautity obtained by one jnan per day 
froni 2 to 6 grs. Two grains was considered a fail* average. 
A (’onn'dtlee a.j)].)oirited to consider the (question of working the 
deposits on a lajg^' scale came to the conclusion tliat tinn^ would 
not ])rovr‘ iv.mnnerativo. 

1835. Ihiber (54 ---2). Ibd’ers to the prevalence of gold in. the 
rivers and strfjams rlraining the west(‘rn slojuss of tlie Nilgiri hills, 
and estimates tln^ ais'c, over wliieli the soil is inqiregnatcal with 
gold at 2.000 sq. miles. The washing was performed by slaves. 

1847. A'coji (35'--n')). A summary of Sheffield's and Nicolson’s 
observations. 

1857. Balfour (69- -S, 2ml Fdn., Vol. fl, 348). (livaes a list of 
the rivtus and slreajiis in which gold is found. 

1896. Lab? (1025 — l, 238). Stal(?s that gold washing is prac- 
tised ill many of the rivers, principally at Nilambar (IE 17' : 76^ 
17') and Mvaakkad (IP^ 15' 30" : 75" 59'). 

(W,viiaaul). — Dming the enquiry (‘arried out in 1831, Nicolson had 
discovered the remaius of numerous old gold workings, made by a 
mining people known as Kanunhars^ along the outcrop of quartz 
reefs h\ the S.E. Wynaad. About the year 1875, the Alpha Gold 
Co. wa-: fonricd for the purpose of prospecting these reefs, and in 
that year a leport on the alluvial occuiTences of gold and on the 
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distribution of tlie reefs was furnislied by Kin^ (987 — i:J). Many of 
them were found, to be auriferous, and an averag(‘ yield of 7 dwt. 
of gold to the ton was obtained from 15 trial, crushings. In a setond 
report, dated three years later {987-- lO), King gives full del ails of 
the prospecting op(U‘ations wliich had been caiaied out in tin* inierval 
!)y the Alpha and two other sul)sidiary Con'i])anies in tin* inugh- 
))ourhood of Duvala (11° l!8' : 70" 20') and lh\ND\].rn (11° 

21)' : 70° 24;'), where the most m!nu*rons and ])r()(lii(*tivn re('js are 
situated. hVoni a total of 1,192 tojis of quartz ci‘usln‘d. 271 oz. , 
9 dwt. 13 gr., of gold had been obtained, or an average of 1-5 dwt. 
to the ton. 

iSotwithstanding th(*se ])oor av(‘i‘age results, tin* oceasi-mal dis- 

covoJT of surpj’isingly rich leaders of quailz led to tin* dotation of 
no less than do coiu]>aiues betwu'en tln^ yrars 1879 and 1881. \vitl( an 
aggregate capital ol .b:[,050JK}0 ; but- the (juantitv ol’ gold ju-oduced 
was so small, amounting to no more than 039 oz. by tin* year 1883, 
according to Leighton (1052), that operations wer(* gradiiallv sus- 
jMUjded, and tin* Alpha mlin* was (inally clo^ed in 1893. 

l)u]'!ng the ('<uirs<' of tin*. ’ bo<)m ' the following |■e])o^ts and, 

accoimts of tin* gold fi(*ld w<‘r(*. ]ud)lished 

1878. IN'glei* (1379). A rejxjrt oii. tin* ge(,)logy and aiirifei’ous 
re(*iS of the gold tract', 

1880. (h'Oiigli 8myth (1671). (•!iv(*s a full ac(‘fmnt of tin*, tojx)- 
grap'liy. geology, and mode, of occiu'retici* of (In* gold. Tin* old 
workings aon! tin* rnetheds cd’ tln^ native miin'rs are, drserib^'d. ddie 
vosults of ti'ial washings aiv!*!i in ih(‘ r<'port are more* favonral)lo 
than tliosi* o!.)laiin*d bv K.mg. lk\(‘ludiiig some of rxee|)tioiial ri(‘h- 
ji(*,ss, 88 sam]:les \'i.e!ded oe. tin* average; 1 oz. 8 dwt, 22 grs. of g(dd 
to the ton ; l)ut the best a.vc.'age jr'snit ol)tained by tln^ Alplia Co. 

is said to have been 10 dwt. 12 grs. to the ton from 322 tmis of 

quartz crushed. 

I880. Kyan (1536). Considers that the (*xistence of gold in 
\\e».kTible quant ltj(*s, over an area of about 525 sfjuaia* mih*s, has 
heen proved. niscuss(*s tlie economic conditions of the held. 

1880. Anon (35-— •“»<>). A general account, conqulcd from Lrough 
Smyth’s and rcgh*r’s I’eports. 

188], Kijig (987 — '2i), A brief deseilption of the (pjartz reefs 
and tliei^ p]’obal)le value. 

1881. Jennings ( 942 ). Account of a visit to the gold fi(*ld. 

1881. Harvey (781). A general description of the re(*fs and of 

the native methods of working. 

1881. Kowo ( 1525 ). A general account of the mode of occur- 
rence of the reefs. 
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1883. Darlington {sec Hayden and Hatch, 794 , 6). Eeport on 
properties held by the ("'onsolidated Gold Co. Considers the ore so 
•deficient in qnantity, and the quality so poor, that remunerative 
mining is impossible. 

1896. Charleton ( 304 ). Describes the situation and geological 
features of the gold field. The average yield is said to have b en 
seldom more than 1| to 5 dwt. of gold to the ton. 

During the years 1899 to 1900, a fresh itivestigatiou was under- 
taken by Hayden and Hatch (^’93 — 5 ; 794 ), clealmg principally 
with the reefs near Devala and Pandaliir formerly worked by the 
Alpha and Phoenix Cos. respectively. Many of the reefs sampled 
were found to consist of a series of lenticular masses of quartz, or 
small isolated bodies of ore, in which the bulk of the gold was asso- 
ciated with sparsely disseminated strings and patches of iron pyrites. 
The average assay value of 174 samples from the Alpha mine was 
1*6 dwt., and of 93 samples from the Pheenix mine 2 dwt. to the 
ton. No bands of ore were met with that would justify the continu- 
ance of prospecting operations. 

m MYSORE. 

The fact that the table land of Mysore is traversial frmn north 
to south by the two principal bands of Dharwar schists, and that 
outlying bands and patches of the same rocks frequejitly occur 
within the limits of the State, accounts for a wide distribution of 
gold and of ancient gold workings in this part c)f southeim India. 
With the exception of Bangalore, the existence of gold to a greater 
or less extent has been proved in every district, and from om^ of 
them, Kolar, comes 92*5 per cent, of the gold now prodiiced in India. 

The particulars of the occurrence of gold at tin) localities mcfi- 
tioned below are extracted, except where otherwise stated, from the 
descriptions of the Dharwar series published by Foote between the 
years 1882 and 1889 ( 596 — 22 ; — 34 ). 

tiiilaldroog.— Halekalgudda (14° 27' 30" ; 76° 12'). Some fine 
quartz reefs were seen on the hills to the S.W. of the village. A 
good show of gold was obtained near the north end of the hills 
(596—34, 53). 

HoNxXamaradi (14° 28' 30": 76° 25' 30"). Highly promising 
([uantities of gold were obtained from two streams on the E. and AV. 
sides respectively of a small hill to the N. of the village. Alediuin 
sized quartz reefs w^ere seen close by (596 — 34, 51). 

Kotemakadi (14° 18' : 76° 28'). A small stream drainnig the 
western and northern slopes of the hill carries a notable quantity 
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•of|coarse gold (596—34; 52). The tract was examined by Sambasiva 
Iyer (1546—2) in 1901, when several quartz reefs and old workiiigs 
were discovered. 

Malla Bennur (14'' 21' : 75" 48'). A very good sliow of gold 
was obtained from a small >stream flowing into a tank near the 
village, from a ridge partly consisting of chloritic schists with small 
veins of bine qnartz (596—34, 45). 

Nelabaigudda (13’ 50': 76" 39'). Several old workings wore* 
found by Sambasiva Iyer (1548- 110), some of tkeni reaching 

150 ft. in de])th. Cold was obtained both from the surface soil 
and from quartz reefs. 


IlassaiL— G ollaraualli (13" 10' : 76" 20' 30"). A small outlier. 
There are old workings of great su])erflcial extent, l)iit mostly very 
shallow. The eastern side appears to deserve deeper pi'ospectimT 
(596-34, 18). 

J.algaranhalli (13" 12': 76" 24' 30"). No reef was seen in the 
old workings, l)ut a good show of gold was obtained from scrapings 
(596—34, 18). 

Karadihalli (13" 29': 76" 19' 30"). An outlier of very small 
extent. Gold was obtained from the northern end by washing, 
and two or three reefs were seen (596 — 34, 17). 

Mallanhalli (13" 10' : 76" 27'). A moderate sliow of gold 
was obtained from scrapings in a large pit, unconnected with any 
visible reef. A large reef of promising appearaiice was seen a little 
to the N. of the pit (596 — 34, 18). 

Nuggiitalli (13" 1' : 76° 32' 30"). Some old workings occur on 
Tagadurbetta, to the N. of the town. There are a few reefs of no 
great length or thickn(‘.ss. A very rich sliow of gold was obtained 
from scrapings in an old pit of largo size at Kempinkot, near the 
southern end of the outlier ( 596 — :m. 19). 

Tkllavari (13” 20' ; 76” 20'). No good-looking reefs were 
noticed, but a fair .show of gold was obtained fronr one of the small 
old working.s (596 — 34, 18). 

Kiuliir. — Ajja.mpur (13” 43' 30" : 76° 1'). Pros])ecting opera- 
tions in connection with old workings on Hoiiiiegudda hill have been 
de.scribcd by Samba.siva Iyer (1548 — 3). The hill is (;oin])osed of 
schistose conglomerates, with veins and re('fs of bluish white quartz 
rich in pyritoiis minerals, and yielding some gold on a.ssay. The 
old workings are of largo dimeiision.s. 

Chik.waoalur (13° 19' : 7.0° 50'). Many of the samples collected 
by Balaji Rao (68-C) from bands of quartzite between Kalaspur 
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(13" 17': 76" O') and Kartikere (13" 17': 75" 51') showed traces 
of gold. 

Nandi (13" 38' 30" : 75" 55'). Old workings were found by 
Primrose (1431-^ ^^>) about ll mile to the 8.-W. of the village, and 
slight traces of gold in the surface soil. Slater ( 1649 — (e 19) states 
tliat numerous old workings occur for a distance of about 16 miles 
to the south. 

Tahik^ere (13" 4'2' 30" : 75" 52' 30"). A little gold was found 
by Primrose (1431 — i) in the surface soil; but no auriferous reefs 
were met with. 

liolar. — 'File narrow belt of Dharwar schists on whicli tlie Kolar 
gold field is situated has been traced for a distance of about 50 
niilc'S from north to south, but the ju'oducfjve (jiiartz V(n’ns are con- 
fined to a portion of the band, some 4 miles in length, in the neigh- 
bourhood of i\lAmK,(;i‘PAM (12' 55' : 78' 19' 30"). 'fhe earliest 

aceoimt of the occurrenee of gold in this tiact is due t,o Warrem 
(1891 I), who was engaged in the survey of the eastern froniin of 
M\’.S(>rc in 1802. (lold \ras found in the suiface soil over an Jirea 
of about 130 s<|uare miles. Especially rich deposits ai'c sriid to 
occur ill the valbws of the Poiiiar and Ikilar rivej'S, the yi(h[ in 
some cases amounting to 12 5 grains to the ton of alluvial soil. 
Milling on a small seale was in progress at or near ‘ iVlAiiGooruM ’ 
(MARiKlumAM), wliere. there were pits about 30 feet deep, with hori- 
zontal galleries at tlie bottom. Tliese, as Newbold oliserved m 
181r5 (1391 — 41 , 651), were not (uvcavaticl in the solid loek, but in 
decAjinposcd s(‘]iiwt tilb'd with fragments of (juartz dtulved from iii.e 
veins. The (juartz eevti'acted Avas pulverised by women, and the 
gold recovered by washing and anuilgamation. in still earlier times, 
however, as ricent develo|)meut work lias sliown, the shafts were 
carried down into the solid (juaitz, to a depth in some cases of as much 
as 300 feet (B. 185). 

The modei'u history of the fndd dates from the year 1871, when 
Lavelle obtained a concession covering 20 square niih'S in the Kolar 
district; and bi^gan sinking a shaft on tlie block now owned by the 
Ooregum (fold Miniiig Po. (.see Evans, 555 — h, 162). Little progress 
was made until 1880, when large amounts of capita] W(vre sub- 
scribed for the purpose of opening u]) the reefs ; but at first tlie 
(RU)ditions governing the distribution of payable ore wdtliin the 
veins was not understood, and much of tln^ working capital 
was wasted in mining in barren ground and among the old worlc- 
ings. FuiaUy, the Mysore Co. succeeded in 1885 in bottoming 
one of the old shafts at a depth of 229 feet, and discovered a rich 
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' chute ' of ore. Since then the history of the ileld has been one 
of’ practically uninterrupted success. 

The following papers deal with the geology and industrial deve- 
lopment of the field 

1880. Aiuh-rsun (26- -l ; — -). Accounts of a visit to tlie field. 

1881. Mervyn Smith (1654 — l). A gem^ral descii])ti()u of the 
ari(‘ieut gold workings, and of early attempts to develop 
the industry on nu)dern lines. 

1882. Foote (596 — 22 . 199). Notes oji the geology. Deluies 
the limits of the schist belt, and r(.'coguises its synclinal 
striudure. 

1886. Mervyn Smith (1654 — A geiuaul report, on the 
fnid, and an account of the ancient g(id workings. 

1886. Anon. (35 — ‘^s). A general descripti(Ui ol the geology 
of the distiict. 

1888. Anon. (35 — Notes on the dev(io]uuent of the 
gold mining indnstry. 

1889. Fo()i(‘ (596 -:m, 37). Sup])leimmta»y ji^tes on tlie 
geology of tlie fiiid, 

1889. llosworth-Smilli (175 — l). A full ie]H>ri on tln^ topo- 
graphy, geology and mim*ra]ogy of th(‘. field, ihvo s('ts 
of (juartz veins aie distinguished, tlie oiu' composed of 
blue auriferous puartz in disiauitinuous, Imitiiuilar masses 
strildng [mrallel with the foliation of the siiiisbs; tlie 
other of white (juartz running in a transvaasf' direetion. 

1890. Leveillc (1067- •-'). A l)ri(i‘ account of the mines. 

1893. Mervvn Smith (1654- — i). A dcscripO^ui of the old 

workings, and ol the geology. >vi<l> sjx'cial referenee to 
the t'hampion or piineijial lode. 

1891. Elliott (539, 161). An aeconiit of the develojmient 
of the held. 

1896. (diarletoii (304, 355). Describes the geology of tlio 

field, and gives details of the working and output of 
the mines. 

1898. Ihtblado (1407). Eives an aecomit of th{‘ process 
of cyaniding, as piractised at the Mysore ( o. s mines. 

1901. Evans (555 — ^6 159). Describes tlie geology of the 

field. Considers that the auriferous reefs are to be 
regarded as interstrat i lied dejiosits ratlKU’ than as lissure 
veins. Suggests that the multiplication of the reefs in 
the northern portion of the field is due to rc^pi-ated lolding 
and faulting, and that the structure is not that of a 
simple syriclinaL 
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1901. Hatch (781—1). A full report on the geology and 
mineralogy, and on the methods of mining and of gold 
recovery practised on the field. The distribution of 
the gold in payable ’’ chutes ’ within the Champion lode 
is described in detail. 

190-1. Mervyn Smith (1654 — 7). Describes the various 
members of the belt of schistose rocks in which the 
auriferous reefs occur, and gives a .smnmary of previous 
observations. 

190i). i 1 , 1 V • 1 f (1065 — 1, d) , { ju 

1907 )' b (1065— 41))’ accounts ol the 

develojmient of the gold mining industiy in Mysore, 
with remarks upon the possibility of its e.vtension. 

The production of gold in this field has hitherto been entirely 
derived from the Champion lode, which has a length (jf about 4 
miles, with an average width of about 4 feet. The total output, 
from the year 1883 to the end of 1913, amounted to .£42,444,652. 
The ma.vimum for one year was reached in 1905, when the value 
of the gold produced was £2,373,457. Since then, though there 
has been an increase in the tonnage of ore crushed annually, the 
yield has declined, the average value for the live years 1909 to 1013 
having been £2,127,348. In 1914, 562,355 o/,., woi'th £2,159,601 
were produced; and in 1915. 571,199 ot;., worth .£2.185,409. 

M.vsorc.— Auakere (12° 25' : 76° 52' 30"). Attwood (50, 646) 
mentions the occurrence of several promising quartz veins at the 
S. K. end of a band of Dharwar schists lying to the E. of Beringa- 
patarn. One of the veins, called the f'illiot lode, has been pro\ed 
to a de])th of 60 feet, and contained free gold accompanied liy 
arsenical and iron pvrites. 

Eellibktt.v (12° 38' : 76° 29' 30"). An outlying band of Dhar- 
war schists about eight miles in length. Numerous old workings 
were seen, especially on Bellibctta bill, and the ijidications of gold 
were decidedly favourable (596 — .'(4, 20). 

CrriNKioRE (?). Balaji Kao (68 — ">, 152) notes the occurrence 
of an auriferous reef about half a mile to the E. of the ruined village 
of Chinkere. 

HoLCtERE, Vai-gere, or W 00 E.VGIRI (12° 4' 30" : 76° 40'). Very 
small reefs and old workings were noted by Foote (596—34, 22), 
and poor results were obtained by washing. According to Bos- 
worth-Smitb (175—2), there is a considerable body of ore, with an 
average value of 4 dwt. of gold to the ton, but it appears to pinch 
out below a depth of 116 feet. 
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HoNNABBrrTA (12° 47' : 7G° 48'). Good washings of gold were ob- 
tained at tin; extreme north end of the outlier (596 - 34 , 55), 

Honnemuda (12° 40' : 76° 47'). Extensive gold workings, along 
a ridge of Dharwar schists to the N. of the village, are mentioned 
by Attwood ( 50 , 043). 

Kalinc.anahalli (12° 58' ; 76° 54'). Good washings are re- 
ported, but no reefs of any size were seen (596 — 34 , 55). 

liARiMUDDENirAUj (12° 12' : 76° 26'). 5 These are small 

Nadapanhauli (12° 15' 30" : 76° 26' 30"). [ outlying patches of 
SONNAHALLI (12° 11' 30": 76° 28' 30"). ) Dharwar schists, 

situated about 14 miles to the \V. of Mysore city. Old workings are 
very numerous in each case, but the re.sults of washings were not 
encouraging ( 596 — 34 , 21). 

Sliiinoga. - IIonnagudda (13° 51' : 75° 46'). Gold was found by 
Sainbasiva Iyer ( 1548 — !)• generally distiibuted througli the soil, 
Honnahatti (13° 46' : 75° 43' 30"). Washings in a small stream 
draining the south side of Honnahatti hill gave veiy line shows of 
gold. The schists are ti'aver.sed by well marked (juartz veins, with 
extensive old workings ( 596 — 47). 

Honnaij (14° 14' 30" : 75"^ 43'). was considcml by Foote 

to be a vojy pronbrSing gold Hold, tiold is giMiorally distributed 
tliimigb tbo soil over a wide area on Qithvr side ol’ flio Kyainti 
(Hireliallo) K. Niuoeroiis (juartz reefs were observed between, 
the villages of Kudeikonda (FF 8' 30" : 75'' 30') and Fai.vax- 
iiALLi (IF^ 0' : 75"^ 38'), and one of these, called Turiilniirs reef, 
had been proved by deep prospecting to be liclilv auriferous 
( 596 - 22 , 197 ; — lb). 

Tiimkur.— CniKNAVAKKANnALLi (13"^ 25' : 7(F 41'). Old work- 
ings were seen on lloniiebagi hill, 2 miles to the S. W. of the town, 
but are not extensive. Washings in the streams bowing from the 
hill gave favourable indications of gold (596 — :5t, 54). 

Javanhallt or Javanconoanhalli (i:F 50': 7()^ 18' 30"). 

W^ethorell ( 1915 — 31) states that numerous old gold workings are 
situated along a band of Dharwar schists, which has been traced 
for a distance of 02 miles, passing northwards by Javanhalli into 
the Chitaldroog district. The most (extensive workijigs occur to 
the south of Annksidiu (13'-' 51': 70'^ 40' 3,0"). (Jold is obtained 
from many of the streams draining the Dharwar area. 

N0RTH»WEST FRONTlIiR PROVINCE. 

In Bajaur and Swat gold is washed from the bed of the ranjkoia 
and Swat rivers. According to Raverty (1463 — 2, 331), the gold is 



GOLD. 


collected by placing sheep skins in the bed of the river, in order that 
the particles of gold may become entangled in the fleece. 

Hazara. — Lalo Gau (3'k^ lb' : 72"^ 54'). Gold is washed from 
the gravels of the Indus above this village, according to Middlemiss 
(1219-17, 251, 287). 

Kohat.— Z krtanci (:33^ 17' : 7r 36'). Wynne (1975--l.h 241) 
states that gold is said to be washed from the sand of the Teri R. 
during the rains. 

PUNJAB. 

Attock. — Indus R. Jameson (931 — 221) says that gold wash- 
ing is practised genei'ally along the Indus between Attock and 
Kalabagh. Tlie town of Makhad (33'^ <S' : 71'' 18') is especially 

mentioned by hleming (591 — 681) and Verclune (1839 -- 2, 103) 
as tlie most imp(n'tant locality. The process here, as elsewhere in 
the Punjab, consists in llltering the sand and gravel through a grass 
sieve into a trough or cradle, in which, concentral ion of the black 
sand associated with the gold is eifected by re|>(‘.ated washing. 

The concentrates are then ti’cated with mercury in a shallow wooden 
dish, and the amalgam is heated over a ihv- of cowdimg, the mercury 
■beingdost. The yield is said to be from ?>(L to Ir/. a day. 

SouAN R. — Gold wurshitig in this riven and its tributaries, the 
Ankur and Gal)ir, is described by Fleming (591 — M, 681 ; — s, 
354) and Vcrchere (1839 -2, 103). The priiieipal localities juem 

tioued are Naka (32'' 56' 30": 72'“' 32' 30") ou the Gabir ; Taman 

(33"'' O': 72" 10') and other villages lying above it ou the Ankur; 
and Muj/i’an (33^ 2': 72" T) ami Trap 3' 30": 7R 58) on the 
8(»hau. Tlie aennage annual production during tlu^ ytairs 1844 bo 
1846 was alioiit 112 o/. (B. 211). 

GiirgaoiJ. — SoiiNA (28'^ 15' : 77'" 8'). llacket (730 h 249) was 

ixifoi’imd that small quantities of gold ar(‘. obtaiiual after the rains 
from wuiter-courses at the i.-ase of a hill situated at the back of the 
town. Jh) ])resumes that the gold is derived from a band of schists 
included in the quartzites of whieh tlie hill is composed (B. 204). 

.IheliiBi. — BuNfiAR R. Small quantities of gold are said to be 
obtained from the sands of this river, according to Wymne (1975 — lo, 
86) and Bowring ( 183 -- G 57). Tlu' 7‘evenue derived from the 
industry was about Rs. 225 auuiially (B. 211). 

Kahan ,R. — Vicaiy (1845 — h, 39) mentions the occurrence of 
gold in the bed of the river between the Rotas and Bukrala passes. 
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All these rivers, the Indus excepted, drain tlie northern slopes 
of the 8alt Range, an area occupied entirely hy sandstones and 
pebble beds of lower Siwalik (Tertiary) age. The gold therefore 
has a doubly derivative origi]L 

Kangra.~Gei*ard (650—3, 263) alludes to the practice of gold 
washing in the Sutlej and other rivers in Jvanawar, 

The process of gold washing in the. Bias R. I)et ween Bai (32^ 0' : 
7r)° 55' 30'') and MiUTinvL (32'^ 7': 75'^ 41') lias been described by 
Abbott (3—.^). The yield is said to \w at the irite of about 13 
grains to the cubic yard. (Calvert (265--3, 21) also jnentioiis gold 
washing at Sajmsi (3[~ 53' 30" : 77" 12'), higher up the river (B. 211), 

81inla Hill States.-— (nlebrook (337 — i. 127) says tliat sniall 
(juantities of gold, are obtained iu the !)ed of the Sutlej R. at Jauei 
( 3r' 10' : 77^ 2' 30") in Suket. 

SiriMur. — Gumti (30^^ 35' : 77" 13' 30"). X detailed des(‘riptiou 

of the process of gold washing in the Gumti R., a tributary of the 
Markhanda, has been given by (.hutley (292 — 0- A single trough 
is said to yi(4d in some cases gold to the value of Rs. 2 a day. lb is 

also said to l)e obtained at lvai*rar(?) on the Markhanda (B, 212). 

The average annual production of gold in the Punjab, during 
the five yeai's 1000 to 1913, was 135*23 oz. In lOll it rose to 
219*08 oz., but declined to 140*50 oz. in 1915. 

KAJPUTANA, 

Sirohi. — Homu \ (21'" 37' : 73" 1' 30"). Traces of gold were 

detected by Major Hughes (.ycc Griesbach, 708 — 31, 45) iji j^yritou^ 
schists at this locality, associated with copper ore. 

TIBKT. 

Extensive and richly productive gold liclds are known to be 
worked in Western Tibet, but no sci(Hitific account of them has 
yet ])een published, ]ior has the source of the gold, which appears 
to be entirely alluvial, been aseertained. The following ai*e the chief 
localities mcjitioned by the explorers tluit have approached them 
from the direction of India : — 

Daua (31" 12' : 79" 55'). Gold washing is carried on along the 
Upper Sutlej to the nortli of this place, according to Moorcroft 
(1245- 1, 436). 

Manasarowar Lake (30" 40' : 81" 30'). Stracliey (1717—15, 
394) mentions gold diggings on the shore of the lake. 
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Pallo Letok (34^^ 45' : 82^ 30'). Extensive gold diggings are 
mentioned by Rawling (1461 — 1, 418). 

Thok Daurakpa (32^ 10' : 85° 15'). 4n account of these mines, 
by a native explorer, has been published by Trotter (1807 — i’, 102). 
The gold is said to occur in a hard rock, which is pounded into frag- 
ments before ])eing waslied ; but whether a quartz vein or merely 
frozen gravel is meant does not appear from the description. 

Thok JalUxVG (32° 24' 30" : 81° 37' 30"). The gold diggings 
here were visited in 18(57 by a native explorer, whose account of 
them has been published by Montgomerie (1243 — 153). A 
trench about a mile in length and 25 feet in depth had been excavated 
and the gold was recovered by a rude system of liydraiilic sluicing. 
The yi('hl is said to have been very large, and occasionally nuggets, 
weigliing as mucli as 2 lbs., were found. In spite of the intense 
cold the miners prefeiTcd to work during the winter, when the freez- 
ing of the soil rendered the sides of the excavation less liable to fall 
in* Several other gold fields of the same description were seen by 
the Pundit in the course of his journeys in this region (B. 213). 

Summaries of the information available on the subject of the 
Tibetan gold fields have been given by Atkinson ( 48 , 18), Lock 
( 1082 , 461), and Maclaren (1134 — 8 ; — 1 1, 228). 

In Central Tibet extremely minute flakes of gold were obtained 
by Hayden (793 — l-’, 190) from the gravels of the Tsangpo near 
Chaksam (29° 20' : 90° 44'). The total yield was found to be little 
more than } grain per ton of gravel. Small quantities of tliorianite 
and monazite are associated with the gold. 


UNITED PROVINCES. 

Almoni and Oarliwal. — The following rivers are specially "^'mem 
4ioped as carrying gold : — 

Auaknaxda.— T he process of gold washing, which is siini lar to 
that praciised in the Punjab, has beeji described by Memi'croi! 
(1246 YoL I, 7). Henwood (825 — l. 3) says that gold ol tained. 
but ill small quantities only, at CurrAWA Pipal (30° 16' : 79° 14'). 

Canges, — The river is said by Athinson ( 48 , 18) to l)e aurifcnui.- 
as far as Laoiiman Jugla {30° 8' : 78° 23'). 

Cgmtj or CoMATi. — Stephens (1694 — 2, 411) mentions :he oc - 
currence of gold in small quantities in this river. It is supposed to 
be derived from quartz veins in the neighbourhood of Cwaldrum 
(30° 0' : 79° 38') at the head of the stream. A little gold is al.^o 
said to occur in the Panar K., which drains a granitic area about 
Deri Dhura (29° 25' : 79° 55' 30"). 
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Pindar. — T he occiirrence of gold in this river above Karn 
Pryag (30^^ 15' 30" : 17') is mentioned by lleuwood (825 — 1, 

3) and Stephens (1694—2, 411). 

Ramganga. — This river is said to be anriferovis below its junction 
with the SoNA (29° 33' : 78° 48'). The occurrence of gold in the 
latter river is mentioned by Herbert (827—0, 230; 828, 757), 
Ravenshaw ( 1462 , 265), and Lawder (1040 — i, 88). According to 
Middlemiss (1219 — lo, 13,8), washing is carried on during the rains, 
and the amount obtained is trifling. Ravenshaw (/. c.) also mentions 
gold washing in the Kon R., another tributai'y of the Raniganga 
issuing from the hills to the E. of Nagina (29° 27' : 78° 30'), and in 
all the streams to the east as far as the Djiei^v (29° 25' : 79° 4'). 
The gold of all these streams is derived from sandstones of middle 
Siwalik age (B. 217). 

During the five years 1909 to 1913, the average annual ]>roduction 
of gold in the United Provinces was 5 94 oz. For the yeans 1914 
and 1915, the quantities recorded are 5*75 and 7 37 oz. respect- 
ively. 

GRANITE uiuier BUILDING MATERIALS. 

GRAPHITE. 

AFGHANISTAN. 

(Graphite is included by Dnirnmond (504—2, 92) ainong^ the 
productions of Northern Afghanistan. A specimen obtahicd by 
him is said to have been brought frojn the Koh-i-Daman, to the N. 
of liabiil (B. 54). 

Tor Sapper (34° 10' : 71° 11'). Griesbach (708—21, 90) has 
recorded the presence of numerous graphitic layers in a scries of 
micaceous and talcose shales, on the northern side of the Tor Sapper 
range, north of Landi Kotal. 

BIHAR AND ORISSA. 

Kalahandi. — Deposits of graphite occurring at the following 
localities have been described by AValker (1872—3, 14) : — 

Densurgi (20° 11': 83° 32'). Several bands of graphite in# 
granitoid gneiss were observed in watercourses half a mile to the 
N. of the village, varying in width from about 18 inches to 2 yards. 
In some cases the graphite is mixed with carbonate of lime. An 
average sample yielded 65’22 per cent. G. 

Koladi Ghat (19° 56' 30" : 83° 26'). In a pit about 200 yards 
W. of the 168th mile post from Raipur on the road to Parvatipur, 

219 F 



GRAPHITE. 


graphite of fair quality, forming a band from 12 to 20 inches wide, 
was found. It appeared to increase in width at the bottom of tlie 
pit, which was about 15 feet deep. 

A sample from Densurgi examined at the Imperial Institute 
{see Dunstan, 514 — 7 , 43) was pronounced to be of inferior quality^ 
and unsuitable for the manufacture of crucibles. 

An output of IG tons from tliis State was recorded in 1915. 

Saiiibalpur. recorded, the occurrence of 

iiiua)* } 

impure graphite in gneissosc schists at Daramgakti (20^ 24' 30" : 
83" 18') and Domaipali (20" 49' : 83" 4' 30"). 

Samples of graphite from this State were examined at tlie Im- 
perial Institute in 1905 {see Evans, 555 — 1:3). The best of these 
are said to have come from Marna, 2 miles to the W. of Patnw 
( 20" 42' 30" ; 83" 12'), and were found to be not sufficiently pure 
for crucible making. 

BURMA. 

lleuzada. — Small deposits of impure graphite, due to the alter- 
ation of carbonaceous shales by intrusive masses of serpentine, 
were observed by Stuart (1723 — 264) to the W. of Wadawkwin 
( 17" 42': 95" 3' 30") and Kyibin (17" 44': 95" 3'). The deposits 
are said to be of no economic value. 

Mergui. — A substance resembling coarsely foliated graphite, d(" 
scribed by Piddington in 1847 (1405 — 24) under the name of * Trenieii- 
heerite, ’ was obtained 1)y Tremenheere in the noiglibourliood ot 
THERAiiWiN (12" 18' : 99" 3') on the Great Tenassciim R., where 
it is said to oceui in abundance. In Tremenheere’s re])ort on tlie 
discovery (1802 — ;5) the substance is referred to as * wad, ' or amor- 
phous manganese ore ; but on analysis it proved to be a carboiia- 
ceous mineral, containijig 857 per cent. G. The best specimen 
came from the Tagu stream, about 5 miles above Therabwin. 

Kuby iWiiies. — Minute Hakes of graphite are freely disseminates? 
through the crystalline rubv-beariiig limestones of this distiict, ai.d 
in some places the ’mineral is concentrated iido lenticular beds, 
developed along the line of contact of the limestones with scajjolite 
gneiss. jSonic de})osits of this nature, occurring at a spot al»out 4 
miles to the S. W. of Wabyudaung (22" 52' : 96" 9'), were opened 
up about the year 1900 by the Burma Ruby Mines Co., but were 
found to be deficient both in quality and quantity. Similar deposits 
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also occur on a ridge about 5 miles to the N. E. of Ky^ukgyi (22'^ 
59' : 96° 9'), to the N. of Wabyudaung (La Touche, MS. notes). 

Toiingoo. — Mason (1186, 10) records having seen fine specimens 
of graphite from the Kanni R., 20 miles to the N. E. of Toungoo, 
where it is said to occur in abundance. 

MADRAS. 

(Jodavari.— Perakonda (17° 33' 30": 81° 28' 30"). As described 
by Rowe (1526), graphite occurs here in veins from | inch to a foot 
in thickness between bands of ipiartzose and garnetiferous schists, 
also in lenticular masses up to 4 feet in diameter. The rocks are 
greatly faulted, and the larger bodies of graphite occur between 
the fault planes. 

Kistiia. — BezWxIDA (16° 31' : 80° 40'). Graphite was observed 
by King (987—12, 160; — 18, 263) sparingly distributed through 
bands of qiiartzose rock in the crystalliiie area close to the town 
(B. 53). 


Tinnevelly* — (hillen (397 — 4) has recorded the occurrence of gra- 
phite in lumps the size of a small egg, in kankar deposits at Tinnk- 
VELLY (8° 43' 30" : 77° 45'). It was also found by l^lliot (540—1) 
at PAPANiVSSAM and Vikersincjam (8° 43' : 77° 25' )in crystalline 
limestone and gneiss, but in minute quantities (B. 53). 

Travaiicore. — The discovery of graphite in Travancore is due to 
Cullen, who reported (397 — i) its occurrence near Tkivandrom 
in 1840. Elliot (540 — J, 216) also found small quantities occurring 
as scales in gneiss at Kaviatan Kudal and Kulatoui in tlic same 
neighbourhood. At a later date (aillen described (397 — ") prospecting 
operations undertaken by himself at Panilal, a village a])out 10 
miles to tlie N. E. of Trivandrum, The graphite is said to have 
occurred in a lateritic matrix formed by the decomposition of gneiss 
ui situ. About 1| tons of the material were raised, and from this 
1,000 lbs. of pure graphite were extracted and reported oii favour- 
ably by Royle (1529 — o), though samples sent to England were 
considered to be too gritty for use (B. 51). 

In the reports of the State (Jeologists, Messrs. Chacko and Masil- 
lamani, for the years 1907 to 1911, reference is made to a number of 
localities at w^hich graphite has been found, and to the prospecting 
operations of the Morgan Crucible . Co., by w4iom the deposits of 
Travancore have been mined for several years. In some case^, 
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however, the reports give no clue to the position of tlic localities, 
and it has not been possible to identify all of them. Those mentioned 
are : — 


Amanad, 4 miles S.-W. of Karungal. The mineral is said to be 
impure and gritty (Masillamani, 298, ‘23). 

Arvmanallur (8*^ 19' ; 77° 28'). A vein of no great width, with 
several branches, occurs in decomposed charnockite, following the 
strike. It has been proved to a depth of bO feet. The graphite 
is of good quality (Masillamani, 298, 11). 

Aramboly (8° 15' 30" ; 77° 35'). Graphite of fairly good quality 
occurs on the Poigay bills, about 3 miles to the N. W. of the village 
(Masillamani, 298, 30). 

Attapalam, in Eraniel Taluk. Graphite is exposed over a total 
width of 250 feet at the junction of granulite with Warkalli beds. 
The deposit is probably of a lenticular nature (Masillamani, 1183, 

4). 

Attunoal (8° 42' : 76° 52' 30"). Mentioned by ( hacko (298, 
79). 


Ayannesswaram (9° 1' 30" ; 76° 55'). A vein occurs in garneti- 
ferous gneiss (Ghaoko, 298, 07 ). 

Karungal ; in Eraniel Taluk. Graphite is said to have been 
found by the villagers when digging a reservoir (Masillamani, 298, 
23). 


Kinpallikontjm ; ( liarayinkil Taluk, between the 4th and 5th 
mile-stones on the road from Attungal to Yenjaramud. Graphite 
occurs in a vein of decomposed felspar in garnetiferous gneiss. The 
breadth of the vein is about 90 feet (Masillamani, 298, 12). 

Koi-achel (8° 10' 30" ; 77° 19' 30"). Mine opened by the MoJ'gan 
Crucible Go. (Masillamani, 298, 25). 

Mamalai ; in Iharmade. A vein has been partly opened up. 
Specimens from the pit arc very gritty ((hacko, 298, 67). 

Melmadanou. 


PERALTMU’i'TAM. j 


On the Thodupiuha 14., to the S. of Vazha - 

ct'LAM. Numerous large veins are exposed on lateritised hills near 
these villages ((.'hacko, 297^1 . 9 ) 

Munnumbur (8° 44' : 76° 50).*^ 


Pathanapuram (9° 
55' 30"), 


^>0" : 76° 


> Mentioned by ('hacko (298, 79). 


PuNALUR (9° r : 76° 59' 30"). ) 

Shorlacode (8° 20' : 77° 26'). A vein of good quality and of fair 
dimensions (Masillamani, 298, 23). 

The graphite deposits of Travancore are stated by Holland 
(f69 — 60, 51) to occur under conditions similar to those of Ceylon, 
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which is geologically a continuation of the charnockite series and 
associated rocks of Southern India. The graphite of Ceylon is 
regarded by Weinschenk (1910) as of igneous origin, a conclusion 
in agreement with the observations of Holland (859—31, 152; 
—3 4, 172) on the charnockites and cla elite syenites of India. 

Owing to the difficulty of working at increased depths, the mining 
of graphite in Travancore has become unprofitable, and operations 
were suspended in 1912. For the five previous years the average 
annual mitput was 3,349 tons. The most productive mine is said 
to havejbecn situated at Vellan.ad (8° 34'; IT 7') in the Neda- 
niangad Taluk. 

^’izagapatain. — Graphite is of common occurrence along the east- 
ern border of the Hill Tracts of Vizagapatam, where it appears to 
be associated with charnockites, as in South India, but the quantity 
available has as yet proved insufficient to repay the cost of mining. 
The principal deposits are situated in the neighbourhood of Saluk 
(18° 31' ; 83° 16'), according to King (987—33. 155) and Balfour 
(69 — 2, 239). Carmichael (285, 154) also mentions its occurrence 
near KASirUBAM (18° 13' ; 83° 11'). Specimens examined by Royle 
(1529 — (j) were pronounced to be of very inferior quality (B. 53). 

An output of 259 tons from the district was recorded in 1910, 
and of 54 tons in 1911. Since the latter yt^ar the returns have been 
blank. 


PUN.IAB. 

Oiirgaoii.— SoHNA (28° 15' : 77° 8'). Ilacket (730—4, 249) men- 
■tions an occurrence of graphite in a band of .schi.sts, in quartzite 
forming a hill at the back of the town. The quantity appeared 
to be small. Specimens from this locality analysed by Thompson 
(1770) contained 78’45 per cent. C, and 17’2 per cent, of earthy 
matter. 

'Fhe same authority (.s'cc Haden-Powcll, 60-1. 17) say.s that the 
graphite occurs in a gorge on the eastern side, of the hill, and forms a 
bod from 18 to 24 ins. thick, exposed for about 30 yards. The 
quality is very variable, some portions being hard and compact, 
while others are soft and easily reduced to powder’. 


RAJPUTANA. 

Ajmer-HIerwara. — An output of 54 toirs of graphite from Mer- 
wara was reported in 1915, but the locality of the deposit is not 
stated. 
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SIKKIM. 

A vein of graphite, averaging 13 inches in thickness, was dis- 
covered in the course of prospecting operations conducted by Messrs. 
Burn and Co, at about half a mile to the N. of the road between 
Tsuntang (Cjieungtong, 27^ 36' : 88"^ 41') and Lachen (27^ 44' : 
88^^ 35'). Bulk samples are said to have given a return of 93 per cent, 
of graphite ( 862 , 98). 

, Graphitic layers arc not uncommonly found among the slates 
of the Daling series in the valleys of the Great Rangit R, and its 
tributaries, but are of no economic value. 


UNITED PROVINCES. 

Aliiiora. — The occurrence of graphite in the neighbourhood of 
Almora was first noted by Herbert (827 — 0, 230; -~I0, cxxvii) in 
1829, It was found in nodules from 1 to 3 inches in diameter, 
weathered out from a band of mica schists on the ridge between 
Almora and Kalimati, 3 miles to the north. Specimens analysed 
by Prinsep (1436 — 8, 280) contained 71*6 per cent, of carbon. 

In 1850, pits were opened by Drummond ( 504 — ^5) at Kalimati, 
Gakgoli near Balt (29° 38' : 79° 45'), and Pulsimi (29° 35' 30" : 
79° 45'). At the last named place about 15 tons were extracted, 
and samples were favourably reported on by Rose (see Atkinson, 
48 , 32) : but in a subsequent report (1529 — o) Royle pronounced 
the mineral to be economically valueless (B. 54). 

Tlie occurrence of giaphite in this neighbourhood has also been 
noticed by the following writers ; — 

185J. Strachey (1717 — 8 , 299). A brief note on the occur- 
rence. 

185G. Howerby (1679 — 2, 8). The graphitic schists were 

traced for a distance of about 15 miles. The best speci- 
mens were obtained at Pathami (? PtriiSiMi), but in 
very small quantities. 

1864. Medlicott (1197 — ■’>, 180). States that the best gra- 

phite is developed along faults or lines of strain in the 
schists. 

1869. Lawder (1040 — 1, 87). Mentions the occurrence oi 

graphite at Kalimati and on the spur of Banini Devi 
facing Almora on the road to Lohughat. 

1871. Henwood (826 — 3 , 40). Eccords the occurrence of 

graphite near Dol ( 29 ° 29 ' 30" : 79° 49' 30"), and cn 
both banks of the Sual K., to the S. E. of Almora, 
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1878. Hughes (890, 183). Notes the occuiTeuce of a bed 
ot impure graphite at the crossing of the Ladt[aii K. 
(29^ 53' : 79^ 50') on tlie road from Bagesar to Kapkot, 


GYPSUM, 

AFGHANISTAN. 

Gypsum is mentioned by Qriesbach (708 — t. 59) as common in 
the Gaj (Miocene) formation, where it occurs in beds, hmticvilar 
masses, and veins. Also in the younger Tertiary rocks, and as 
forming considerable deposits among the })ost ])liocene gravels and 
clays of the plains. It is found in tliick beds, about 3 feet below 
the surface, near Kandahar, where it was laigely us('(k according 
to Hutton ( 900 — s, 585, bOl), for plastering buildings. 

The town of Ghazni (33'' 33' : 68'' 26') is said by Vigne ( 1846 — 3, 
126) to be built at the foot of a ridge com])osed of gypsum (B. 452). 

In Kahmard (35'' 20' : 67" 40') and Sakdian (35'’ 10' : 67" 45') 
beds of gypsum occur, according to Hayden ( 793 - - ‘2 2, 36, 37), at 
two distinct horizons; viz., beneath limestones (if upper <Vetaceous 
age, and aimmg lower Tertiary shales. 

BALUCHISTAN. 

In JhalawaiK Saravvaii, and iWekran, the Tertiary clays and 
shales at all stages, when but slightly disturbed, contain numerous 
crystals of gypsum, according to Vredeuburg ( 1864 — :n;, 209), 
but no continuous masses oi the mineral were met with. 

Kaclilii* — Blantord (148 — v:y 231) mentions tlu' occurr(mce of 
pure white gypsum in the hills to the 8. E. of Pui.E.) (29" 1' : 68" 22' 
30") and N. by E. of SuAnruii (28" 43' : 68" 25'). It is found in 
irregular masses up to a foot in diameter at the base of the lower 
Siwaliks, and is said to be well adapted for ornamental purposes. 
Thin veins of gypsum, filling cracks in the upper Siwalik rocks 
surrounding the Kachhi, were also observed by Blanford. Vicary 
(1845 — 3, 261) also mentions its occurrence under similar conditions 
near Uch (28" 39' 30" : 68" 40'). 

Quetta-Pishiu. — Considerable (juantities of gypsum are obtained 
from the Ghaziaband Pass (30" 19' : 66" 48') and used for building 
purposes in Quetta. It is described by Griesbach (708-— 4, 20) as 
occurring in lenticular masses, veins, and beds, in a formation 
identified by him with the Gaj group of Sind; but according to 
Blanford (148—7 3, 180), it is found in fibrous masses filling cracks 
in Siwalik sandstones and clays. 
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SIbi. — Frequent mention is made by Blanford (148 — 73) of the 
occuiTenco of beds of gypsum, from 5 to 10 feet in thickness, among 
Eocene shales in the Bugti hills. 

Near Khattan (29° 34' : 68° 31') four distinct beds of gypsum, 
ranging up to 8 feet in thickness, were observed by Oldham ( 1324 — 
32, 109), It was also seen near Spintanox (29° 55' : 68° 5'), form- 
ing a band 4 feet thick in nummulitic limestone. 

Oldham (1324 — ^37. 29) has noted the occurrence of gypsum 
n thick beds, one measuring 50 feet, near M.aman.I) (29° 39' ; 68° 
43') in the Mari hills. 

BHUTAN. 

The occurrence of thick beds of gypsum in the valley of the 
Kangra Cnu (26° 54' : 91° 6') has been recorded by Pilgrim (1406 — 
6, 28). 

BOMBAY. 

Cntcl). — The shales of the Jurassic, snb-Nummulitic, and Ter- 
tiary groups contain large quantities of gypsum, the most highly 
gypsiferous being the sub-Numinulitic group (Wynne, 1975 — n, 
90). The mineral is generally translucent, and occurs in blocks 
.several inches in length (B. 451). 

The following localities are specially mentioned : — 

On an outlying patch of Tertiary rocks on the Runn, E. of Adk- 
.SAR (23° 33':' 71° 2'). 

Between Adkui (23° 24' : 70° 34° 30") and Badarg4rh (23° 28' : 
0°4I'). 

Near Chitrore (23° 24' : 70° 44 ). 

About 2 miles to the S. W. of Mtxurr (23° 32' : 69° 0' 30"). 

E. and N. E. of Umarsar (23° 44' 30" ; 68° 54'). 

Kathiawar.— Fedden (589 — <>, 134) mentions the occurrence of 
gypsum in small tabular masses and crystals in some of the Tertiary 
beds. It was found, though not in great quantity, in the Bliav- 
uagar State on the eastern side of the peninsula ; also near Na.v- 
DANA (22° 8': 69° 21') and on the hills about Kuranga (22° 8': 
69° 13' 30") in the we.st. 

According to Adye (11, 210), crystals and veins of selenite occur 
in some quantity in calcareous clays of the Gaj group, near the 
villages of Biiatia (22° 6' : 69° 20'), Ran (22° 11' ; 69° 23' 30"), 
and ViRPUR (22° 15' : 69° 22' 30"). 

Rew'a Hsintha. — In the Rajpipla State, Bose (173 — 23, 186) 
met with gypsum in Tertiary clays at Bhilod (21° 36' : 73° 16') 
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and Dodvada (21'^ 32' : 73^^ 9'). The mineral was rather earthy, and 
did not appear to occur in large quantities. 

SiihI. — G ypsum of tolerable purity occurs abundantly, according 
to Blanford (148 — os, 195), in the upper parts of the Gaj (Miocene) 
group in the Khirthar range. Two beds were not(d in the section 
exposed on the Gaj R. (2G° 52' : 67° 20'), with a thickness of 3 to 
4 feet, and similar beds are frequently met with to the northwards. 
Some gypsum is found in the Ranikot group at the base of the 
Eocene, but the quantity is small (B, 451). 

CENTRAL INDIA AGENCY. 

Oholpiir. — A small isolated deposit of selenite, occurring midway 
between the villages of Kathumri (26° 41' : 78° 6') and Ghuria- 
khera (one mile to the W.N.W.), on the Chambal R., has been 
described by Heron (830 — J). The selenite is found in crystals 

of a maximum length of 1| inches, scattered sparsely through a 
carbonaceous layer, a foot thick, in the older alluvium. It is said 
to be used medicinally. 

Rewall. — A unique occurrence of gypsum in Vindhyan rocks 
(Sirbu shales) at Satna (24° 31' : 80° 53' 30") has been recorded 

by Former (577 — s). The mineral was obtained from a boring for 
water, at depths between 200 and 33S feet from the surface. It 
occurs in layers a quarter to five-eighths of an inch in thickness, 
parallel to the bedding planes of the shales. 

MADRAS. 

C'liiiiglepiit. — Small quantities of gypsum in the form of selenite 
crystals arc obtained from the clayey estuarine beds to the nortli of 
Madras (Foote, 596 — vS, 132). The occurrence of tliese crystals 

over a large area in the neighbourhood of Monexjur (hiouLTRY, 
near Madras, and at Kathiwakam or Ennur (13° 13' : 80° 23') 

is especially mentioned by Hunter ( 894 — ^ ; — s ; — 14 ). 

]\elloro. — Large quantities of selenite crystals were noted by 
Foote (596—17, 93) in marine clays at Sai^tapavur (15° 48' 30": 
80° 19') on the Buckingham Ganal. The crystals are said to be far 
larger and of greater purity than those obtained from siniilar clays 
near Madras (B. 451). 

TrlehiDopoIy.— Blanford ( 147 — 8 , 214) states that gypsum occurs 
abundantly, in the form of fibrous plates and concretions, among 
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the Cretaceous rocks iii many parts of the district. It is said to 
be most abundant in the Utatur group, especially in Belemnite 
clays to the E. of Utatur (11° 4' 30" : 78° 55'), and in unfossili- 
ferous clay to the N. E, of Maravattur (11° 13': 79° 1'). 

NORTH WEST FRONTIER PROVINCE. 

Dera Isniail Khan.— A zone composed of alternating bands of 
dolomite and gypsum, from 450 to 500 feet in thickness, was noted 
by Wynne (1975 — 28, 279) in a cliff section near Saiduwali (32° 12 : 
71° 6'), at the southei'n end of the Khasor range. 

Plates of selenite also occim in the Jurassic clays exposed on 
the southern scarp of the Sheikh Budin hills {1. c., 280) near Paniala 
(32° 15' : 70° 50' 30") ; and at the base of the same scarp an exposure 
of the ‘ salt marl ’ was observed by Vcrchere (1839 — 17), with some 
massive beds of gypsum. 

Hazara. — Tlic occurrence of gypsum, forming beds or veins jn 
the Slate series, has been recorded by Middlemiss (1219 — l"?, 28i). 
An isolated small exposure was noted at Dow'ATTa (34° 17' ; 73° 30' 
30"), and the discontinuou.s outcrop of a bed or vein betw^cen the 
villages of Bi.fORA and Bari-ka-Bugla, passing along the cast 
slope of the iiill marked 0,402 feet (34° 10' : 73° 30'), where it reaches 
a thickness of 100 feet. 


K»hat.--An important development of gypseous beds in the upper 
portion of the Eocene nummulitic series has been described by 
Wynne (1975 — I-t, 149). 

The beds are exposed in all the ridges extending from the neigli- 
bourhood of Bahadur Khkd (33° 11' : 71° 1') eastwards to the 
Indus, covering an area of about .50 miles in length by 20 miles in 
maximum breadth. The gypsum occurs in discontinuous masses, 
w'hieh occasionally attain a thickness of at least 200 feet, and is 
associated with bands of clay, and in the lower portion with blaclc 
shales strongly impregnated with petroleum. The colour is usually 
white or grey, but sometimes deep red, owing to the presence of 
iron (B. 452). 

Slieraiii. — A band of gypsiferous shales, alternating Avith beds of 
limestone, occurring at the base of the upper Nummulitic group, 
was traced by -La Touche ( 1034 - 20 , 86) from the Toi R. in the 
south of the district to the Zao defile in the north, a distance of 24 
miles. In a measured section at ZoR Shahr (31° 42' : 70° 8 30 ), 
about the centre of the band, 12 beds of gypsum were counted, 
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varying in thickness from a foot to 11 feet 7 inches, with an 
aggregate thickness of 50 feet. Nodules of gypsum also occur in the 
associated limestones. 


PUNJAB. 


-Gypsum occurs in enormous 


Jlieliiin, Shalipur, and i^lianwali 

(Salt Range). j 

quantities, both in the form of selenite crystals and in massive beds 
of considerable purity and variety of colours, in association with 
the ‘ Salt marl ' which extends along the southerji base of the Salt 
Range from the neighbourhood of Jalalcur 39' 30" : 73'^ 28') 
in the east to Kalaba(4ii (32^^' 58' : 71^ 37 ), on the western 
bank of the Indus. It appears to have been first brought to notice 
ill 1843 by Jameson (931 — 197), who records the existence of 
thick masses of a pure white colour ueai* Jalalpur and other places 
along the base of the range. General a(*oounrs of its mode of occur- 
jTiiCe have since been given by Fleming (591 — T), 250), Theobald 
(1763~--i, 658), and Wynne (1975-- 1 s, 73). 

Very little use has hitherto been made of the Salt Rangt^ gypsniu. 
It is occasionally mixed in a powdered state v;ith mortar ; and a 
compact variety occurring near Sariu (32'" 41' : 72"" >17') has been 
(juarried and turned to form plates and other utensils. The sohuiite 
crystals are also collected, and sold for medicinal pur})Oses (B. R52). 

The origin of the gypsum has been discusvsi'd by Holland (859 
— 2 ; — 4) with reference to a liypothesis, put forward by Middle- 
miss (1219 — 14, 26), that the ‘Salt marl’ may owe 
position among the surrounding rocks to- some kind 
agency. The presence of inclusions of anhydrite in 
quartz crystals imbedded in the gy})sum, and the intimate associa- 
tion of the latter in many instances with anhydrite, lead to the con- 
clusion that the gypsum is not of acpieous or sedimentary origin, 
but that it results from the addition of water to anhydrite, which 
may have been produced by the action of super-heated water charged 
with sulphuric acid on limestone or dolomite. 


its peculiar 
of volcanic 
)i-pyramidal 


Kaiigru. — Gerard (650 — ii, 264) appears to have been the first 
to note the existence of gypsum in the lower Spiti valley. In 1841 
Hutton (900 — 5, 207) gave a description of the deposits, which he 
supposed to have been accumulated on the bod of a salt lalce filling 
the entire valley ; but Mallet (1159—1) has shown that they have 
no connection with the alluvium of the valley, but are due to the 
action of thermal waters containing sulphuric acid in solution on 
limestone. 
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The deposits are of considerable extent and thickness, and the 
gypsum is said to be of snowy whiteness and crystalline texture, 
eminently suitable for ornamental purposes, or for the manufacture 
of plaster of Paris (B. 453). 

The largest of the masses noted by Mallet is situated on the left 
bank of the Spiti R., opposite Shalkar (32^^ 0' : 78° 37'). Smaller 
masses were seen near the Chango Pass, on the same side of the 
river, and in the main valley between Shalkar and Hilling (32° 4' : 
78° 3G'). In addition to these localities, Hayden (793 — 9, 101) 
has recorded the existence of immense masses and thick beds between 
the Lipak and Yalung rivers, to the S, of Shalkar, and in the valley 
of the Gyundi R. (32° 20' : 77° 54') in upper Spiti. 

Kawalpindi. — Middlemiss (1219 — 17 , 287) records the occurrence, 
of gypsum at various places in the Kuldana series, or passage beds 
between the nummulitic limestone and the Murree sandstone. 
Cltfden near Murree (33° 54' : 73° 27'), and the gorge W. of Dunga 
Galt (34° 4' : 73° 30'), are the localities specially mentioned. 


RAJPUTANA. 


flodhpiir) } — impure gypsum of considerable extent 

occur in several places among the sand hills of the Rajputana 
desert, occupying the basins of desiccated salt lakes. Such deposits 
have been specially noted by Forbes (599, 30) and La Touche (1034 
—28, 43) near Kurlo, Madpitra, and Shaokar, between Barjmkr 
(25° 45' : 71° 25') and the Luni R. The gypsum is used to some 
extent for building purposes, and when burnt as plaster for lining 
wells. 

The average annual production from a deposit of this descrip- 


tion situated to the N. N. W. of Nagaur (27° 13' : 73° 48'), was 
4,905 tons during the c{uinquennial period 1909 to 1913. In Bikanir, 
during the same period, the average annual output was 11,251 tons. 


UNITED PROVINCES. 

Delira Dun. — The nature and origin of certain deposits of gyp- 
sum, occurring among the hills to the noith of Dehra Uun, was 
made the subject of special investigation, about the year 1830, by 
Herbert (827 -5), ( autlcy (292~”2), and Everest (557— a), all of 
whom recognised the secondary character of the beds, and attri- 
buted them to the alteration of carbonate of lime by the infiltration 
of sulphuretted water. According to Mcdlicott (1197 — 5 , 177), 
nodules of gypsum occur in many places among the ferruginous 
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clays of the Subathu group, and it fonxis irregular veins in 
limestones at Sauansadhara (30^ 23' : 78"" 10' 30"), the principal 
locality mentioned by Herbert and Cautley. At 8 alkot, 4 miles 
to the north, it forms a mass about 200 feet in thickness, and 
large masses were also noted by Fisher (587 — i, 194) below Jkrii»ani 
( 30"^ 25' 30" : 78^ 8' 30") on the road between Kajpur and Mussoorie. 
It is said to have been employed in the internal decoration of houses 
at Dehra Dun with some success (B. 453). 

llainirpur. — Small quantities of selcuiite are found at (‘.ertain 
spots in the older alluvium of the Bairma R., a tributary of the Betwa, 
in the neighbourhood of Puraini (25'’ 45' : 79'^ 50'). The crystals 
have been formed, according to La Touche ( 1034 — .‘Jo), by the 
action of sulphuretted water on carbonate of lime disseminated 
through the alluvium, and are found in plastic clay at a depth of 
about 5 or G feet below the surface. The amount available is exceed- 
ingly small, but the crystals are collected and sold in Pawnpore for 
use as medicine. 

Jliaiisi. — Deposits of selenite similar in all respects to those of 
Hamirpur have bemi described by Silberrad (163^2) as occurring 
in the neighbourhood of (iOnti (25^' 47' : 79'^ 13') and Ookual 
(25^ 4G' : 79" 20' 30"). 

NainI Tal. — The occurrence of large deposits of gypsum on the 
Nihal stream, between Kaladhungi and Naini Tal, is mentioned 
by Atkinson ( 48 , 34). According to a special report by Middlemiss 
(1219 — s), the most important masses are situated about a mile 
to the Jsk of Djiapila (29" 19' : 79" 28'). In mode of occurrence 
and origin the deposits arc similar to those already noted in the 
Dehra Dun district. The total (piantity of the mineral available 
is estimated by Middlemiss at about 37,430 tons. 

ILMENITE see RARE MINERALS- TiTANIUM. 

lOUTE .§ee under GEM-STONES. 

IRroOSMINE 5ee PLATINUM. 

IRON. 

The iron ores of India may be separated into two main groups 
in accordance witji their mode of occurrence : — 

(A) ‘‘Primitive” ores, forming beds or more raroly lodes, 
among strata which may belong to any geological formation of earlier 
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date than the close of the Tertiary period. These may be sub- 
divided into 

(1) Pre-Cambrian quartz-hematite and quartz-magnetite schists, 

in which the ore is usually disposed in bands alterna- 
ting with siliceous materia], or is occasionally con- 
centrated into lenticular bodies of great size and purity. 
These ores are most prominently developed in the 
Dharwarian seiies of Southern India and the Central 
Provinces, and to a less extent in the Bijawar group 
of Centi'al India. 

(2) Magnetite in' minute particles disseminated through the 

crystalline rocks, including tin? older granites and 
schists, basic dykes, and the widespread flows of 
basalt of upper Cretaceous age known collectively 
as the Deccan trap. These particles, when concen- 
trated by running w-ater, atford in some localitic‘s a 
sullicient and readily accessible supply of ore to the 
native workers. 

(3) Veins of limonito occurring along fault planes or fractures 

in the Cudda])ah and similar formations. 

(•1) Bands and nodules of clay ironstone, most highly deve- 
loped among the shales of the lower portion of tin*. 

Indian coal measures ; but also met with at higher 
horizons, 

(B) Dejivative ” or Lateritic ores, due to the segregation 
of iro]i oxide, carried up in solution by sub-soil water, in the super- 
ficial deposits foi'incd by rock weathering. The process appears 
to re{]uire an alternation of moist and {Irv ])eriods, su(*h as are 

characteristic of a tropical climate, and paiticularly of the climate 
of the Indian peninsula. In certain cases, metasomatic replacement 
of the silica and other constituents of a rock may give rise to the 
formation, at tlu^ outcrop, of beds of rich ore, enclosing portions of 
the original rock, and retaining traces of the bedding or other struc- 
tural planes. On these ores Fermor (577 — 32 , 381 ; — 30 , 515) 

bas bestowed the name ‘ lateritoid, " in order to distinguish them 

from the true lateritic ores. The lateritoid ores are chiefly asso- 
ciated with the Dharwarian hematite schists, but may occur at the 
exposed edges of beds belonging to later geological periods. They 
may give the a})pearance of an outcrop of rich ore to a bed wiiich 
is perhaps only moderately ferruginous, and may ^thus lead to anti- 
cipations of an abundant supply, which on being tested prove to be 
unfounded. 
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The proceSvS of iron smelting, as performed by the natives of 
India, i^ practically the same for all parts of the country, though the 
dimensions of the furnace and the form of blowing apparatus em- 
ployed may vary in different areas. The furnace is built of clay 
by the smelter and his family, and is of no great capa(‘ity, the maxi- 
mum yield reported for a single furnace being about 30 tons per 
annum ; while the blast is usually supplied by a pair of leather 
bellows. Only the softer varieties of ore, such as can be easily 
reduced to powder, and if necessary concentrated by winnowing, 
are made use of. These are gathered from the surface or dug out 
from shallow pits and trenches ; or, when available, are collected 
ill the form of iron sand from the beds of streams. The ore is reduced 
in direct contact with charcoal, and without the addition of a flux, 
to a pasty mass, or ‘ bloom, ’ from which the slag is expressed by 
repeated hammering and re-heating; since the temperature at com- 
mand is seldom high enough to bring about the complete liipiefac- 
tion of the charge. 

The iron produced, on account of its purity and malleability, 
has always been held in great estimation by the Indian blacksmiths, 
a circumstance tliat has enabled the native industry to withstand 
to some extent the competition of imported iron. 15ut though its 
superiority is so marked that, at the time wlien the Ihitannia tubular 
bi'idge across the Mcnai Straits was under construction, ])refcrcnce 
was given to the use of iron produced iu India, failure has attended 
every attempt made to carry out the native pnxjess on an ext(uuled 
scale under Euro].)ean supervisioti. This result has lioen due, how- 
ever, not to any defect in the quantity or quality of tlie ore available, 
l)ut mainly to the difficulty of procuiing ade<juate su})plies of char- 
coal, in consequence of the depletion of the fon^sls in tljc i!)imediate 
neighbourhood of the works. 

The question of fuel suitable for use in l>last furnaees of tlu^ 
European typo lias novv lieen solved by tlie dcvelopiiKuit of th ' 
Indian coal fields, aid the discovery that some of the deeper scams 
arc capable of furnishing coke of excellent (|uality. It has therefore 
become possible to establish iron works on a large scale, and this 
lias been done in two instances wliere dejiosits of iron ore occur 
witliin a reasonable distance of the coal fields. These are the works 
of the Bengal Iron and Steel Co. near Harakar, established in 1889, 
whicli for many years drew their supplies of ore fioni the Ironstone 
shales of the Ranigauj coal field ; and those of the Tata Iron and 
Steel Co. at Sakclii, which have been in operation since 1911. The 
ore for these works is at present furnished by immense deposits 
of hematite situated iu the State of Mayurblianj. 
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The general distribution and mode of occurrence of iron ores in 
India, with details of the native processes of smelting, and the history 
of recent developments of the industry, are dealt with in the reports 
and papers noted below :~ 

1873. Blanford ( 148 — 391). An account of the nature 
and distribution of iron ore, with remarks on the native 
processes of smelting. 

1874. Bauerman ( 89 ). Report on the iron ores of India. 

1881. Mallet (1159—23). Discusses the origin of the late- 
ritic iron ores of India. 

1886. Schwarz (1694 — 3). Describes the principal iron ore 
deposits, with special reference to those of Barakar and 
the Central Provinces. 

1886. Gilchrist and Riley ( 658 ). An account of the iron- 
making resources of India, coinpikd for the Colonial 
and Indian Exhibition. 

1893. Holland (859— *n). Describes the mineralogical and 
metallurgical characters of the ores of the Madras 
Presidency, their distribution and geological relations ; 
and discusses the question of fuel supply, and the intro- 
duction of European processes of iron and steel manu- 
facture. 

1893. Turner ( 1817 ). Describes the native processes of 
smelting, with analyses of the ore and products, and dis- 
cusses th efuture of the industry. 

1899. Mahon ( 1153 — 1 ). Discusses the prospects of inatui- 
facturing steel at a profit in India. 

1900. Anon (35 — r)6). 4 general account of the Indian iron 

ores, and of attempts made to establish the industry 
on Tiiodern lines. 

1900. Mahon (1153—2). Report on the distribution of coal 
and of iron ores in India, with a view to the establish- 
ment of iron and steel works. 

1901. Schwarz (1594 — 5). A general account of the native 
iron and steel industry with remarks on the distribution 
of the ores, and a history of modern develo])menls. 

1905. Tozer ( 1795 , 769). A brief account of the develop- 
ment of the iron and steel industry. 

1907. Holland (859 — 6i, 34), Discusses the prospects of 
establishing an export trade in Indian iron ore. 

1910. Holland and La Touche (863). Notes on the general 
distribution of iron ores in India. 
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1911. Lester ( 1064 ). Describes the native processes of iron 
smelting, especially those employed in Burma and the 
Central Provinces. 

1912. Perin ( 1392 ). An account of recent developments of 
the iron industry, with special reference to the Tata 
Iron and Steel Works. 

1912. Sahlin ( 1542 — 1 ; — 2). Discusses the potentialities 
of India as an iron-producing country, and describes the 
Tata Iron and Steel Works. 

1914. Bose ( 171 ). A general account of the iron ore depo- 
sits, compiled from the publications of the Geological 
Survey, with a history of recent developments of the 
industry. 

The average amount of iron ore raised annually in India, during 
the five years 1906 to 1910, was 74,105 tons. In 1911, consequent 
upon the opening of the Tata Iron and Steel Works, the output rose 
to 366,190 tons, an amount approximately equal to the total pro- 
duction of the preceding five years. For this and the four follow- 
ing years the average annual output has amounted to 429,840 tons, 

AFGHANISTAN. 

According to Drummond (504 — 2, 82), writing in 1811, most 

of the iron then used in Afghanistan was smelted from iron sand 

collected from the mountain streams in Bajaiir ; but he also men- 
tions (page 75) the occurrence of a bed of hematite, 30 to 40 feet 
in width, at the Silawat Pass (34^' 22' : 69^^ 17'). Thick beds of 
hematite were also noted by Lord (1091 — 2, 536) near the Hajigak 
Pass (34" 39' : 68" 7'). 

The Silawat ores are associated, according to Hayden (793—22, 
17) with schistose hernatitc-ciuartzites and o|her ciystalline rocks, 
probably corresponding to the Dharwarian series of tln^. Indian 
peninsula. The Hajigak ore, on the other hand, is probably of 

Devonian age. It is described'' (/. c., page 24) as forming a con- 

spicuous band at the base of the Hajigak series, traceable from near 
Kalu (34" 41' : 68" 2') into and beyond the Panjsiuk Vallev 
( 35" 20' : 69" 45'). Little use appears to have been made of these 
ores, though Lord mentions (1091 — 2, 525) a large deserted iron 
mine at Sukht-i-Chenar, on the road to the Ghorband Pass ; nor 
has any analysis of the ores been published (B. 402). 

ASSAM. 

Abor Hills.— -Thin bands of shale with numerous nodules of clay 
ironstone of good appearance were observed by Coggiii Brown 
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{211—5, 253) in the bed of the Dihang R. at the Geku crossing 
{28° 26' : 95° 6'). 

Kiiasi and Jainiia Hills.— The earliest account of the manufac- 
ture of iron in the Kliasi hills was given by Jones (956 — 2, 284) 
in 1829, when the industry ai)pears to have been in a flourishing 
condition ; so much so that the establishment of iron works on a 
large scale at (dicrra Punji was seriously advocated by Watson 
(i9oa-i). The method of obtaining the ore, and the native pro- 
cess of smelting, have been fully described by Walters (1880 — 3 , 
505), Cracioft ( 383 — 2), Yule (1987 — i), Oldham (1326 — s, 201), and 
lastly by Darrah ( 420 ), whoso report was written in 1885, when very 
few furnaces were still kept at work. 

The ore, in the form of magnetic iron sand, was collected by a 
system of ground sluicing from granite decomposed to a consider- 
able depth by weathering. The granite is exposed over wide areas 
in the neighbourhood of the villages of Surarim (25^ 21': 1)]^ 48') 
Molim (25" 20' 80" : OF 53'), and Nonospono (25° 27': 9.1° 40'), 
where the chief centres of manufacture were situated. The ' bloom ' 
produced at each operation weighed fi’om 10 to 14 lbs., but contained 
a large proportion of slag, which was afterwards removed by the 
blacksmiths. Much of the iron was exported to the plains of Sylhet, 
where it was in great demand for making the staple-shaped cramps 
used in fastening the timbers of boats (B. 412). 

Lakliiiiipur and Sibsagar, — The iron industry of Upper Assam, 
which was of consideral)le importance under native rule, as des- 
cribed by Robinson (1503—1, 34) and Harmay (760 — 5 ), has long 
become extinct. The principal ores used, according to Mallet (1159 
9 , 359), were clay ironstone nodules from the coal measures, eontaiin 
ing from 22 to 40 per cent. Fe ; ami impure arenaceous limonite 
from the Sub-Himalayan (Tipam) group. The latter variety is 
mk\ to occur iu unlimited quantities, but is of ])oor quality, the 
average yield being considerably less than 30 per cent. Fc. Haniiay 
(760—1) iDi^ntions the existence of old excavations made in searcli 
cf iron ore near Jaipur (27° 16' : 95° 27'), but the chief centres of 
manufacture were situated at Tjrugaon (26° 52' 30" : 94° 58'), 
Hattighar CO to the E. of Sibsagar, and Oolaghat (26° 31' : 94° 
1'). The native smiths appear to have possessed a considerable 
amount of metallurgical skill, since they were able to turn out guns 
of large dimensions as well as small arms (B. 412). 

Large quantities of ferruginous sandstone, passing locally into 
sandy hematite and hematitic conglomerate, were observed by 
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Smith (1657— 92) in the Mikir hills, but it is seldom that the hema- 
tite is sufficiently concentrated to afford a workable ore, 

iManipur. — The ore used by the native smelters occurs, accord- 
ing to Oldham (1324-“ 3, 239), in the form of small pisolitic nodules 
of limonitc in swampy tracts, beneath 2 to 5 feet of alluvium. The 
ore bed is from 3 to 12 inches thick. The furnace is of a most jxri- 
mitive description, open in front, and about 18 inches in height, 
(iiipta (726) states that the ore is piled into a heap with layers of 
straw and roasted, before being smelted. 

BENOAL. 

Bankura. — Evercist (557 — i, 130) mentions the occun’ence of 
large ([uantities of iron ore, sup))osod to have been deposited by 
springs, at a locality 4 miles to the S. of Bankura. 

Birbliiiiii. — The indigenous iron industry a])pears to have been 
n]oi‘e highly developed in the Birbhum district than in any other 
part of India, for the furnaces were not only the laT'gest in use, but 
their efficiency was, comparatively speaking, of a high order. The 
iron was reduced to a molten condition, and was rchned by a second 
operation resembling puddling, in which it was converted into 
wrought iron. The operations have been described l)y Jackson 
(922) and Oldham (1326 — 2, 6). The chief centj'i^s of inamifactnrc 
were MAiroMKi) Bazaar (23^' 59' 30": HT 38'), Oir.ociiA (24" 2': 
87 " 39'), Damra (21"' iV : 87'' 10' 30"), and H/ajjA-NAKAiNi^UR 
(21a' 14': 87^^ 45' 30"). About 70 furnaces were at work in 1852, 
.according to Oldham, wlio estimated the total ])r()ductioii of un- 
relined iroii at 2,380 tons pei* annum (if the furnaces were conti- 
miously worked), e(jiiivale.nt to about 1,700 tons of wrought iron. 
Jn addition, a certaiji (juantity of iron was smelted in sjualhir fiu- 
luK'es by the Santa i.s, an aboriginal hill people, whose operations 
have been described by Torrens (1791 — ' 2 ). 

The principal supplies of ore were obtained from lateritic deposits 
at the southern margin of the Rajmahal trap area, especially those 
in the neigh bomliood of Mallarpdr (24^ 5' : 87" 4G' 30"). These 
ores were made the subject of a special examination by Hughes in 
1875, in connection with proposals to establish iron wunks in the 
district, the results of which are quoted by Ball (71 — 20, 243). The 
average yield of iron from 29 samples, collected at various localities, 
was 43 per cent. Phosphorus was estimated in 4 of these samples, 
and amounted on the average to PS per cent. 0.^ Analyses 
na^de by Piddington in 1829 (1405—1), and in 1858 by Barratt 
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(80 — 3 ), gave similar results. Two other sources of ore are men- 
tioned by Ball {1. c., 241), viz., veins and nests of brown hematite, 
occurring in the Gondwana sandstones, which fuimish the ore used 
by the Santals ; and secondly, layers of pisolitic iron ore and nests 
of brown hematite, associated with the Rajmahal trap. 

The first attempt made to develope the industry under European 
supervi.sion date.s from the year 1777, when Messrs. Motte and 
Farquhar were granted the exclusive privilege of manufacturing 
iron to the west of the meridian of Bnrdwan. Operations were 
carried on in Birbhum from 1779 to 1789, with what result is not 
known, but the lease was relinquished in 1795 (see Heatly, 801, 545). 
Nothing further appears to have been done till 1855, when works were 
started at Mahomed Bazaar by Messrs. Mackay and Co., capable 
of producing 2 tons of pig iron a day. In a report on these operations 
by Blanford (148 — 4), it is stated that the iron was superior in quality 
to ordinary English pig iron, and that the supplies of charcoal, ore, 
and flux would be sufficient for works on a moderate scale, if careful 
supervision were exercised over the management of the forests. 
A final experiment initiated by Messrs. Burn and Co. in 1875 was 
abandoned after a few months' trial (B, 362). 

Iturdwaiu — The iron ores of the Raniganj coal held occur in tliG 
Ironstone shale group, or middle division of the Damuda series. 
The estimated tliickness of the group is about 1,400 feet, and its 
outcrop extends for a distance of about 33 miles from east to west. 
The ore is not equally distributed throughout, but is more abuudam 
according to Blanford (148 — 7, 74), in the upper part of the grouj), 
where it forms discontinuous seams or strings of uodidcs consisting 
of clay ironstone. Bands of carbonaceous ore, or ‘ black band Ui C 
also occasionally iiiet with. Erom measurements made by Sfuiiii 
(1655 — 1, 76) in a shaft at .Bakul, or Badul (23^ 44' 30'" : 87 ' 10' 
30"), 8 iuiles to the N. of Baniganj, Blanford estimated the average 
proportion of ore. at about l-17th of the whole thickness of strata ; 
but measurements made by Hughes (888 —14, 25) gave one foot ol 
ore in 10 or 12 feet of shale, and the quantity available as, roiigldv 
speaking, 200 millions of tons in every square mile. 

Analyses of the ore made by Piddington (1405 — l) anu 
Prinsep (1436 — 8, 278) show that the proportion of iron vaiie:' 
within \vide limits. Blanford (148 — 7, 194) quotes analyses of 2i 
samples from various localities giving an average yield of 38 9': 
per cent. Fe. Phosphoric acid, as determined by Hughes ( 888 — it>j> 
occurs in amounts varying from 0-57 to 2*57 per cent., but traco- 
only of sulphur were detected in the 7 samples examined. 
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In the year 1839 a practical experiment was made by Messrs. 
Jessop and Co. ( 945 ) in smelting about half a ton of Burdwan ore, 
using coke as fuel, but proved inconclusive, as the iron could not be 
reduced to a fluid state. Several years later, proposals for estab- 
lisbing iron works in the Damuda valley were discussed by Oldham 
(1326 — 2, 9) and Baker ( 67 , 489) ; and in 1874, following the sub- 
mission of a report by Bauerman ( 89 ), the whole question of the 
resources of the Kanigan] field in iron ore, fuel, and flux, was made 
the subject of a report by Hughes (88^—14; — IG). Works were 
started in the following year at Krui, near Barak^sr (23^^ 45' : 86® 
52'), by a private Company ; but, owing mainly to iusufFiciont 
capital, the enterprise proved unsuccessful, and was abandoned 
in 1879. From a report submitted by Schwarz (1594 -1) in 1882, 
it appears that two furnaces had been erected, each capable of pro- 
ducing 20 tons of pig iron a day (B, 368). 

The plant was then taken over by Government, and operations 
were carried on till the year 1889, when the undertaking was trans- 
ferred- to the Bengal Iron and Steel Company, who entirely remodelled 
tlie works, and gradually developed them until there arc now three 
blast furnaces furnished with up-to-date ecpiipment at work ; be- 
sides foundries covering an area of about 104,000 scpiare feet, rolling 
mills, etc. The average annual jiroduction of the works, during 
the jive years 1909 to 1913, was 48,364 tons of pig iron, and 13,208 
tons of castings. 

On account of the high percentage of phosphorus in some of 
the Ranigaiij ores, it was found advisable to mix them with magnetic 
ores luought from the Singhbhum district, whereby the proportion 
of ])liosphoric acid was reduced from an average of 2 09 per cent, 
to about 0-50 per cent, {sec Harris, 769 — i). More recently tlie 
use of Eaniganj ore, owing to the depletion of the stocks readily 
available at the outcrop of the shales, has been given up, and the 
works are now supplied entii'ely with ore from Singhbhum. For 
this reason the:<[uantity of iron ore raised in Burdwan has declined 
from a yearly average of 72,988 tons during the five years 1905 to 
1909, to 9,971 tons during the succeeding five years. 

A description of the plant now in use at the Barakar Iron Works 
has been given by McFarlane (1120). 

ihirjeeliMg. — Two occurrences of iron ore have been noted by 
Mallet ( 1159 — 0 , 65) 

LoiiarOarh (26® 48' 30" ; 88® 15'). A bed of impure hematite in- 
cluded in Tertiary sandstones, with a maximum tliickncss of about 
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120 feet, and a length of outcrop of about a mile. The average 
yield of iron obtained from 3 samples was 30 6 per cent. 

fSiKBHAR (27"^ r 30" : 88"^ 35'). Bands of magnetite, associated 
with actinolite and micaceous hematite, exposed about a mile to 
E. »S. E. of the village. The main ore l)and is about 20 feet thick, 
and consists when pure of a friable aggregate of magnetite crystals. 
These yielded on analysis 71*50 f)er cent. Fe, and the micaceous 
h^^natite 59*89 per cent. Fe. Neither c ntains phosphorus or sul- 
phur. The dej)osit was worked to a small extent by Nepali smelters, 
who asserted that the magnetite produced iron of superior hardness 
and toughness, though more difficult to smelt than the micaceous 
01 e. 


lUlliTAN. 

Fden ( 528 , 92) states that the soil in the neighbourl)ood of P\ro 
( 27" 23': 89^ 29' 30") is highly charged with magueti'" sand, whit)' 
is used locally tor inaiuifacturiug iron. 

BIHAR ANO 0RISS\. 

Kliagalpur. — According to reports quoted in the Agrieultu'il 
Ledger ( 104 ), tw'o kinds of iron ore are obtained in the distiut. 
(1), from the sands of hill streams; and (2), from latentic giaveh. 
The ore is finely powdmed and sprinkled on a fire of charcoal, in a 
small clay built (uinace. There were 21 furnaces at Katauum 
( 2L 45' : 80^ 40' 30") in 1898, but the industry was declining. 

fiittaek, m Orissa helon\ 

Ilazaribagli.— H azauibaoh (24"^ 0' : 85^' 25'), According to 

W'illiams (1935 — 74), a lode of iron ore, GO feet in breadth, is 
exposed among the crystalline rocks about a mile to the N. E. of 
the town, rimniug in a nearly F. and W. direction. A portion 
of this band consists of the mineral named ' Faldcritc ’ by Piddington 
(1405—38). Ball, however, remarks (71—45, 375) that this and 
similar deposits of magnetite, reported as occurring in the district, 
are of no value as a source of iron. 

KAR\NruRA (23" 50' : 85"" 15'). Two varieticvS of iron ore aie 
mentioned by Hughes (888 — 7, 341) as occurring in the Karanpura 
coal field. The most abundant is the clay ironstone of tlie Ironstone 
shale group, of the same character as the ore occurring in that group 
in the Raniganj coal field. Beds of hematite, assaying from 50 to 
CO per cent, of iron, also occur in the lower, or Barakar, group 
the Damuda series. Both varieties were largely used by tlie Agana^, 
or native smelters. According to Thompson (1771 — i, 3), there were 
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23 furnaces at Tendwa, in the centre of the field, in 1854, each of 
which produced 160 lbs. of iron a day for six months in the year. 

Karharbari (24° 10' 86° 20'). Bmith, in a report to Govern- 
ment ( 1655 — -b 07), states that a seam of iron ore 7 inches in thick- 
ness, lying at about 100 feet above the coal seams, is extensively 
worked by the native smelters. The yield is said to be about 33 
per cent, of crude iron. 

Ramgarii (23° 38' : 85° 35'). The Ironstone shales are not well 
represented, according to Ball (71 — 2, 124), in the Ramgarh coal 
field, and the ore is of poor quality. The construction of the fur- 
naces in use, and the methods of smelting and refining, have been 
described by Williams (1935—2, 57). AI)Out 60 furnaces were at 
work in 1852, each producing about 180 lbs. of refined iron a day. 

Kalahandi. — No large masses of iron ore were observed by Walker 
(1872 — 2, 19). Concretionary limonitc obtained from alluvial depo- 
sits is smelted by the native smiths, Near Olatura (20° 20' ; 
83° 36') hematite occurring in bands alternating with garnetiferous 
(juartzite is used locally to a small extent. 

niaiibliiim. — The Ironstone shales of the Damuda series are but 
poorly represented in the Jharia coal field. Bmith ( 1655 — 1 ), 
Hughes (888 — i, 312), a)ul Henwood (825 — 2 ) have all reported 
unfavourably on the quality of the ore, wliich is said to be so sili- 
ceous that the Ihimars, or native smelters, could do little with it. 
Ferruginous concretions obtained from micaceous clay shales were 
used in a furnace at Telaia (23° 49' : 86° 14'). 

According to Ball (71 — 4(), 106), magnetic iron sand occurs in 
all parts of the district occupied by the crystalline I'ocks, and was 
formerly collected from the streams and smelted. 'Fhe most con- 
siderable accumulation of magnetite occurs in a hill near Teludi 
( 23° 34' : 86° 57'). Massive specimens of ilmenite, or titaniferous 
iron ore, were obtained at the foot of the hills to the W. N. W. of 
Manb.\zaar (23° 3' 30" : 86° 43'). 

Ball has also described {1. c., 77) the occurrence of lodes of hema- 
tite along the faulted junction between the metamorphic and sub- 
metamorphic (Dharwariaii) rocks in the south of the district. The 
most important exposures of these ores were observed near Katrah 
(22° 59' : 86° 55') ; to the N. and N. E. of Ambikanaoar (22° 57' : 
86° 49' 30") ; and further to the west in the hills near Bauch 
(22° ■ 69' : 86° 40'). The ores are said to be rich and abundant 
(B. 373). 
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IMaynrbbanj. — The discovery of important deposits of iron ore 
in the Mayurbhanj State is due to Bose, who gave a brief descrip- 
tion (173 — 20, 168) of their mode of occurrence in the year 1904. 
The deposits were subsequently examined, on behalf of Messrs. 
Tata and Sons, by Perin and Weld, from whose account of them 
( 1911 ), and a summary of the same published in the Quinquennial 
Review of Mineral Production for 1909-13 ( 862 , 108), the following 
particulars are taken. 

The ores occur in the form of roughly lenticular bodies of hema- 
tite with small proportions of magnetite, in association with banded 
(juartzites and quartz-iron-ore rocks, between intrusive masses 
of granite on the one hand and gramilite or charnockitc on the other. 
In all about a dozen ore bodies have been located, the most 
important of which are :~ 

(1) Gurumaishini (22^ 18' 30" : 86^ 21'). Three distinct and 
parallel leads, measuring respectively 7,000, 5,600 and 3,000 feet 
in length, and varying from 300 to 700 feet in breadth. There arc 
also three large isolated masses, one of which forms the main peak 
of Gurumaishini hill, 3,000 feet above sea level. The total area is 
estimated at 19 millions of square feet, and the total ciuantity of 
ore proved at 15 millions of tons for every 10 feet in deptli. CV)m- 
position of ore (average of 10 samples) :--Fe:-r-Gl-33 : P^0*075 : 
S~0‘021 : Si 1-64 per cent. 

In addition there are large quantities of rubble or ^ float ’ ore, 
which have been found to yield on analysis (average of 20 samples) : 
— Fe— 61-46 : P~0-048 : S-’^0-03G : Si02— 3*34 per cent. 

(2) Okampad (22^ 9' : 86^ 17'). A single ore b(xly, covering an 
area of 300,000 square feet, and at one point 300 feet thick. There 
arc also two smaller outliers and about 1G5 acres of ' float ' ore. 
Average analysis of 4 samples Fe=-:^G7'65 : Pr^O-013 : 8^-0*012 : 

Si O 2 ” 1-58 per cent. 

(3) Badampahar (22® 4': 86® 'll'). A single lens measuring 
roughly 3,000 feet in length by 500 feet in breadth, with many 
small outliers. The outcrops of massive ore have been observed 
through a vertical height of 600 feet. No analyses of these ores 
have; yet been published. 

The ores of Gurumaishini hill are now being exploited by tlie 
Tata Iron and Steel Co., Ltd., whose works are situated at the junc- 
tion of the Siibarnarikha and Khorkai rivers near Sakchi (22® 48' 
30" : 86® 16') in Singhbhmn. These works have been designed 
for the production of 160,000 tons of pig iron and 100,000 tons of 
steel anniially. Particulars of the progress of the undertaking and 
the equipment of the works have been published in the Quinquennial 
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Reviews of Mineral Production ( 861 , 107 ; 862 , 106), and in Stahl 
uitd E'issh (35 — 57 ) ] also by Perin ( 1392 ) and Sahlin (1542 — i ; 

The average cjuantity of ore raised annually in Mayurbhanj 
since the opening of the Tata Works has been 317,068 tons. 

Orissa. — The iron industry of Cuttack and the Tributary Mahals 
of Orissa, though apparently never in a flourishing condition, 
was made the subject of special enquiries in the early days of the 
(teological Survey {see Oldham, 1326 — 10 , 11 ; Blanfoixl etc., 150 , 
85). 

The ores used by the native smelters were such as could be con- 
veniently gathered on the surface, chiefly concretions of hematite 
weathered out from the sandstones of the upper Daiiiudas, and to a 
less extent pisolitic nodules occurring in the lateritic deposits. 
The arenaceous hematites occurring in the Damuda beds of the 
Talcher coal field, though rich and apparently well adapted for 
smelting, were little worked. 

The native processes of smelting and refining the iron were 
fully described by Oldham (7. c., 14), who also discussed the pros- 
pects of introducing improved methods of njanufacture. Accounts 
of these processes have also been given bv 8amuells ( 1550 , 249) 
and H. F. Blanford ( 147-1 r>). 

Analyses of two specimens of the concretionary ores wei‘e piib- 
hshed by Piddington (1405 — 74) in 1855. One of these, from 
Kankerai (20*^' 58' : 85^ 3' 30") in Angul, contained 16-8 per cent. 
Fe ; the other from Pal Lahaka (21^ 26': 85'’ 15'), contaiiied 
47 per cent. Fe. 

References to the iron industry and the distribution of iron ores 
ill Or'fssa liave also been made bv Stirling ( 1706 , 179), Kittoe (994 
-R 114), and Righy ( 1485 , 837)~-(B. 361). 

Palamaii.— Ball (71-™:^::^, 65, 79, 112) has given a complete 
account of the iron ores of Palamau, and of the ojierations of the 
^Igarias, or native smelters. Three varieties of oi'c are distin- 
guished : — 

(1) Magnetite, either pure or decomposed, occurring as veins 

in hornblcndic rocks, or as disseminated crystals in 
granite. These were observed at several localities, but 
3iever in sufiicient cpiantity to be of economic value. 

(2) ('lay iron ores and hematite, forming bands or strings of 

nodules in the shales, or concretionary masses in the 
sandstones of the Barakar group. 
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(3) Red and brown hematite, forming bands in the laterite 
capping plateaus at a greater elevation than 3,000 feet. 
The most extensive development of these ores occurs on 
the plateau of Neturhat (23*^ 29' : 8T^ 19'). A sample 
from this locality contained 45‘o per cent. Re. 

The most important ores, as regards abundance and accessibility, 
are the claystones and hematites of the Barakar group. These ar(> 
especially well developed in the Aurunga coal field, in the neighbour- 
hood of Rajuar (23"^ 47' 30" : 84° 41'), where they occur in a vvel! 
defined zone of ferruginous shales, exposed for a length of 2 or 3 
miles, and about 200 feet in thickness. They are still more abundant 
in an outlying patch of Barakars to the N. of Balunagar (23° 50' : 
84° 43' 30"), where they cover an area of about 4 sijuare miles. In 
each case the ores are estimated to form about 10 per cent, of tlie 
whole bull': of stivata in whicli they occur. 

Oil analysis 5 samples yielded on the average 44 8 per cent. ¥(\ 

Limestones eminent ly suited foi' use as flux are said to occur in 
abuudaiice in the crystalliuc rocks near the western edge of the coal 
field. Proposals have been made (see Hewitt, 833 , 420) for the 
establishment of iron works on a large scale at Balljmath (23° 50' : 
84° 51'), situated between the Aurunga and Karanpiua coal fields. 

The ironstone beds also occur in the Hutar (M)al field (sec Bail, 
71 — 97), in the neighbourhood of Morwai (23° 4f!' : 84° 9') 
and Nawadiu (23° 50' : 84° 5'), and have been used by the Agarias ; 
but the quantity available is comparatively small. Three samples 
from this field gave au average of 49‘4 per cent. Fe (B, 370). 

Hambalpiir. — The native processes of iron smelting as practised 
at Amdiau, near Sambalpur, and Kutarbaga (21° 39' : 81° IT), 
have been described by Rose ( 1515 ) and Babington ( 56 ). The ore 
was obtained, according to Bail (71 — 182), from lodes of de- 
composed magnetite oeeurring among the cryKstalline rocks of the 
Kutarbaga range (B. 381). 

Santlial Pargaiias. — In the Rajmahal hills, iron ores occur under 
the same conditions as in Birbhum (see Ball, 71 — 20, 241). The 
highly ferruginous sandstones occurring beneath the Rajmahal trap 
are mainly used by the local smelters, according to Oldham (1326 - 
0,279). 

Shahabad. — Sherwill (1625 — 5, 283) mentions the occurrence of 
iron ore in great abundance on the surface of the Kaimur table land, 
near its southern edge, in the neighbourhood of Hurki (0* 
heaps of iron slag were seen near Sulya (24° 48' : 83° 39'). 
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Siuglibhuiii. — Ball (71 — 46 , 146) gives a general account of the 
distribution of iron ores in the district. The most iniportant occur 
in the form of lodes or veins in the sub-metamorphic or Dharwariau 
rocks, especially in the neighbourhood of, and to the W. of (^hiAiBASA 
(22"^ 33' : 85^ 52'). Some of the ore near Laoia (22^^ 32' : 85^^ 46') 
is said to be rich in manganese. Three distinct veins were observed 
near Jogohatu and Chingijari, to the south of Saitba (22'' 33' : 
85' 39' 30"), and they are said to be abundant near Tendu (22^^ 38' : 
85" 34"). 

Since the year 1906, the Bengal Iron and Steel Co. liave obtained 
supplies of ore for their works at Balakar from two deposits, situated 
at Tukamdih (22'" 43' : 86" 15') and Hakioora (22" 11' : 86" 13' 30"), 
to the S. of Kaliinati, on the BengahNagpur Railway. These were 
examined in 1908 by Fermor (sec Holland, 859-- 71. 41). The 
Turamdih ore forms patches or veins up to 3 feet in width in magne- 
sian schists. At Hakigora the ores are banded magnetite aiid 
hematite quartzites. 'In both cases the chief supplies of ore have 
beeii obtained from the detrital deposits resulting from the disintegra- 
tion of the rocks by weathering. 

More recently, according to the QuiiKpiennial Kevlcvv of Mineral 
Production ( 862 , 105), rich deposits of ore have been developed by 
the Bengal Iron and Steel Co. at Pansira or Notu Hu.l (22" 19' ; 
85" 26') and Buda Hilr (22" 17': 85" 20' 30"), S. E. of Manharpur 
oil the Bengal-Nagpur Railway. The total (]uantity of ore available 
has been estimated at 10 million tons; and average samples have 
given the following results on analysis :—Fe-“ 64*00 : P“A)*()5 ; Mu 
--0*06 : SiO^-~3.00 per cent. 

The quantity of iron ore raised in Singhbhum increased from 
8,825 tons in 1906 to 151,662 tons in 1914. In 1915 there was a 
slight falling off, to 127,040 tons. 

Talclier see Orissa above. 


BOMBAY. 

Although, the ores of iron, especially those of a lateritic origin, 
are widely distributed in the Bombay Presidency, practically no 
use is now made of them. In the districts of Ahmedabad, Kaira, 
tlie Panch Mahals, and Surat, large mounds of iron slag afford the 
only evidence of the former existence of , the indnstr}q and no in- 
formation is available regarding the quality or relative abundance 
of the ores employed (B. 398). 

During the five years ending with 1914, the quantity of iron ore 
returned as having been raised in the whole of the Presidency has 
not exceeded one ton annually. 
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Bijapur. — Occurrences of iron ore in the Kaladgi series were 
noted by Foote (696 — 12 , 258, 263) at three localities 

Amingarh (16^ 3' 30" : 76° 1'). The breccias near the base of 
the Kaladgi series are locally rich in hematite. Tim form of furnace 
in use is illustrated on page 264. 

Bassargi (15° 54' : 75° 14'). Rich brown hematite forming 
the matrix of a breccia of chert. 

Bisnal (16° 23' 30": 75° 33'). Four beds of richly hematitic 
schist interstratified with quartzite, occurring about 1| mile to S. by 
E. of the village. 

In all cases the ore was being smelted on a small scale at villages 
in the neighbourhood of the outcrops. 

flitch.— A description of the process of iron manufacture in 
Cutch was given by Grant (691 — 3, 293) in 1837, when the principal 
works were situated in the neighbourliood of Dudhai (23° 19' : 
70° 11'). The ore, according to Wynne (1975 — 11 , 87). was derived 
either from beds of hematitic laterite in the sub-Nummulitic group, 
or from highly ferruginous deposits associated with stratilicd trap 
near Buohao (23° 18' : 70° 24'). In 1872, when Wynne wi’ote, the 
industry had become extinct (B. 401). 

Kathiawar. —A detailed report on the iron industry of Kathiawar 
was drawn up by Jacob (924 — l) in 1840. At that time iron was 
being smelted at Raxawao (21° 41': 69° 48') and Raxpgr (21° 50': 
69° 41'). From the description of the furnace, it appears to hav(^ 
been of a dihereiit type from that commonly used in other parts 
(d India. Outwardly it bore some resemblance to a reverberatory 
furnace, being oblong in shape and built of brickwork lined with 
clay,' with a chimney at one end and apertures for the blast and the 
removal of the slag on opposite sides at the otlier end. The ore, 
however, was not kept (uitirely separate from the fuel, but was 
laid on a bed of charcoal in the body of the furnace, and covered 
with a layer of tlm same. About 2 cwts. of ore were smelted at a 
time, and the yield is said to have been about 40 per cent. The 
yearly output of each furnace was about 16 tons. 

The ore was obtained from lateritic deposits in tlie neighbour- 
hood of Bakharla (21° 44' : 69° 41' 30"), at a depth of from 5 to 20 
feet below the surface. Fedden (869— 133) also states that ore 
was formerly obtained from ironstone bands near the top of the 
Umia (Jurassic) group, and was smelted at Kantrori (22° 4G' : 
71° 24'), where there arc very large mounds of iron slag (B. 400). 
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Adye { 11 , 208) mentions the occurrence of lateritic deposits of 
iron ore at the following localities in the Navanagar State 

Eidge and surrounding low ground 1| mile to S. of Sambelia 
Bet (22“ 18' ; 69° 24'). 

Northern slope of a ridge. 2 miles to W. S. W. of Habardi 
(22° 13' 30" : 69° 26'). 

The S. W. end of a ridge at Maua Devia (22° 12' : 69° 20'). 

Tamba Talao, 11 mile to B. S. B. of Nandana (22° 8' : 69° 

21'). 

Khokhra Dhar, a ridge on the outskirts of Lamba (21° 54' : 
69° 22' 30"). 

Hillock, 2 miles to 8. B. by B. of Bhatia (22° 6' : 69° 20'). 

Cheque Dear, about 2 miles to E. of Wauwaba (21° 50' : 
70° 0' 30"). 

Some highly ferruginous dykes were observed about 3), miles 
to S. S. E. of J.\M Jodhpur (21° 54' : 70° 5' 30"). 

Kainagiri. — The mode of occurrence of iron ores in the southern 
Konkan was described in 1842 by Cibson (654 — -'), and in 1856 by 
Aytoun (51 — 79), the latter of whom advocated the establishment 
of an iron foundry at Savantvadi (15° 55' : 73° 52'). Lateritic 
ores, which are widely distributed, were commonly used for smelt- 
ing ; but veins of magnetite and hematite arc also mentioned as 
occurring in crystalline rocks at Malvan (16° 3' 30" : 73° 31'), 
w'hich was then the chief centre of manufacture. A specimen of 
micaceous hematite from this locality analysed by Koyle (1529 — 3 ), 
is said to have contained 69 per cent. B'e. 

A description of the nativ(! methods of dressing hnd smelting 
the ore has been given by Bhastree (1614) ; and Foote (596 — i-, 
267) gives an illustration of the peculiar bottle-shaped furnace in 
use in the State of Savantvadi (B. 398). 

The iron ores occurring in the crystalline (Dharwarian) rocks 
of this neighbourhood have recently attracted attention with a view 
to their exploitation for export to Europe (see Hayden, 793 — 28, 
18). The most promising occurrences have been located in Goa ; 
at Redi ■ (15° 45' : 73° 43') in Ratnagiri ; and near Banda (15° 
48' 30" : 73° 55') in Savantvadi. 

Rewa Kauthu. — In 1852 Fiilljames (629 — 'J, 112) gave a des- 
cription of the iron ores found in the western portion of this and tlie 
adjoining districts, but does not mention either the quantity avail- 
able or the quality of the ore. Large quantities of iron slag occur 
in several places, especially in the neighbourhood of Jambughoda 
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(22° 22' : 73° 48') and Narukot (22° 23' : 73° 45' 30"), where the 
ore was probably derived from Dharwarian rocks (B. 399). 

In Rajpipla iron was formerly worked over an area of about 16 
sqriare miles in the Jhagadia and Valia Taluks, according to Bose 
(173 - 23 , 182). Large mounds of slag were seen at several localities. 
At Limodka (21"^ 44' : 73^^ 12' 30") they are said to cover an area of 
about 6 acres, to an average depth of 5 feet. The ore was obtained 
from lateritic deposits. An average sample from Dljngri (21° 32' : 
72° 11') gave 73-17 per cent, oxide of iron, 10*68 per cent, of silica, 
and 9*26 per cent, of alumina. 

A sample of hematite from the hills N. of Moriari (? Mitdhtari 
or Muthyari, 22° 25' 30" : 73° 48' 30") in €Iiota Udaipur, analysed 
at the Imperial Institute (514 — 5), contained Fc--56-9 : P~0*074 : 
SiOo—lO-GS per cent. 

Satara. — Iron ore in the form of nodular hematite, associated 
with laterite, is mentioned by Sykes (1736 — l, 426) as being worked 
at Mahablrskwar (17° 56' : 73° 43'). He remarks that this was 
the only metallic ore met with in the Deccan (B. 398). 

Sind. — Vicary (1845 — •'>, 341) mentions the occiuTence of iron 
ore at the base of the hills to the N. N. W. of Kotri (25° 22' : 68° 
22'). According to Blanford ( 148 — 63 , 193), the ore occurs in bands, 
often from 15 to 20 feet thick, in the passage beds between the 
Khirthar and Ranikot groups, especially in the neighbourhood of 
' Lainyan (25° 40' : 68° 12' 30"), and to the E. of Bandh Vera (25° 
31' : 68° 8'). Portions of the bands only are said to be sufficiently 
ferruginous to deserve the name of ore. Some ferruginous rock 
also occurs at the base of the Manchar group near Bandh Vera, but 
is of doubtful economic value (B. 402). 

BURMA. 

An average annual production of 14,400 tons of iron ore is re- 
corded in Bui'jiia during the five years 1910 to 1914, and in 1915 of 
15,526 tons, but the districts whence the ore was obtained are not 
stated in the published returns. A large proportion of the output 
is due to the operations of the Burma Corporation at Bawdwin, where 
the ore is used as a flux in treating the refractory lead slags left by 
the Chinese miners. 

Amherst. — According to the description given by Heifer (808 
— 1, 9*; — 7 , 181) and O’Riley (1340 — 3 , 734), the iron ores of the 
district are all of a lateritic character. They are said to cover 
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extensiA'C areas in the valleys of the Salween and its tributaries, and 
to be especially abundant on the Gyaing R. (16° 38' ; 98° 1'). 
Hematite containing 85 per cent, of metal is said to occur at several 
places on the Ataean R. (16° 8' : 98° 2') and its tributary the 

ZiMMK. 

Hyaukpyu. — Walters (1880—1, 264) states that iron of excellent 
(|uality was formerly smelted from lateritic ores on the island of 
Ramri. Iron ore is not mentioned among the miiieral lesources 
of the island by Mallet (1159— i i). 

.llanilalay. — Some apparently rich deposits of iron ore have been 
noted by Datta (421 — :b 121 ) as occurring in the neighbourhood of 
81 NGAUNG (Zegon, 21 ° 58' : 96° 27') and Twjnnge ( 21 ° 57' .30" : 
96° 25') on the Shan plateau. The extent and depth of the deposits 
could not be determined. 

Tlie deposits at Twinnge are now being woihed by the Runna 
(.’orporation. Ltd., in order to supply flux for the treatment of the 
lead ores at the Bawdwin mines. They have recently (1916) been 
examined by t'oggin Kiown {Records, G. 8 . XLVH, 1.37), who 
found that the ore occurs in rounded graims, pebbles, and masses 
sometimes several feet in diameter, forming a layer near the base 
of the mantle of red clay which overlies the dolomitie linu'.stono 
of the Shan plateau. The ore is con.sidered to be of a ri'sidual 
character, representing the ferrugiuous mattei- originally di.ssmii- 
luited through that portion of the lime.stone winch has been ixunoved 
liy denudation. The oi'e bed has an average thickness of about 
3 ft., and the quantity oi'iginally available was ('Stimated at about 
275,000 tons. The proportion of iron contained in average samples 
lange.s from OO'S to 60'1 per cmt. 

'fhe Devonian shales exposed at Wetwin ( 22 ° 6 ' : 96° 38' 30") 
are highly ferruginous in places along the outcrop, but trial 
p ts have shown that the ore is merely superficial. 

.UergHi. — Heifer (808 — 0 , 180) states that considerable quantities 
of iron ore occur on Maoin or Meaixg I. (12° 22' : 98° 30'), 10 miles 
to the S. W. of Mergui. The ore rvas pronounced by Ure (1827 — i, 
237) to be of good quality, with a specific gravity of 3-18 to 3-37. 
Similar ores were observed on Kala-kiiuing I., near the mouth of 
the Lenya R. ; on two islands to the W. of M.alcolm s I. ; and on 
White Pigeon I. to the N. of the mouth of the Pakchan R. (10° 
0 : 98° 35'). The ore is said to contain from 40 to 60 per cent. Fe 
(B. 415). 


249 



IRON. 


Lateritic iron ores are widely distributed, according to Bose 
(175 — 18, 161), in the valley of the Great Tenasserim R., but appear 
to be of inferior quality. An exceptionally pure sample from 
Therabwin (12° 18' : 99° 3') contained 50-49 per cent. Fe. 

Myingyaii. — A large proportion of the iron produced in Upper 
Burma under native rule is said to have been smelted in the neigh- 
bourhood of thh extinct volcano of Popa or Puppa (20° 55' : 95° 18'), 
According to Blanford (148 — o, 219 ; — 8), the furnaces were of the 
most primitive kind, being merely holes dug in a bank of clay, and 
no artificial blast was employed. The ore was collected, in the form 
of concretions of brown hematite, from Pliocene gravels surrounding 
the base of the mountain (B. 416). 

Slyitkyina. — Bleeek (151—3, 262) mentions the occurrence of 
' bog iron ore ', outwardly resembling laterite, forming broad hori- 
zontal terraces in the valley of the Uru (Uyu) R. to the \V. of 
Hwrka (25° 29' : 96° 20'). A sample on analysis gave : — Fc-- 
77-54 : SiOo— 1-63 ; Al20;j— 7-37 ; HoO— 13-40 per cent., with 

traces of phosphorus. 

Prniiic. — The upper portion of the ‘ Fossil-wood ’ or Irrawaddy 
group of eastern Prome and the adjoining districts of Upper Burma 
is characterised, according to Theobald (1763 — o, 83; — lo, 25:3) 
bv a profusion of concretionary nodules of brown hematite. The, sc 
nodules were exteji,sivcly .smelted when the country was uiulc! 
Burmese rule, but the industry has long been extinct (B. 414). 

Shall Stales (S.). — Large masses of brown hematite were observed 
by La Touche (1034 — ^45, 374) along the outcrop of the Naimg- 
kangyi (Ordovician) shales on the eastern side of the Loi 'rwvxo 
RANGE (21° 56' : 97° 43') in the State of Kehsi Mansam. The 
shales themselves arc not particularly ferruginous, and the occur- 
rence is proliably an instance of superficial enrichment of tlw 
weathered portion of the beds. 

Tavoy. -Heifer (808—2; — r., 28), Low (1097 2, 147). and 

O'Riley (1340 — 3, 735) all mention the occurrence of iron ore in 
large quantities near the town of Tavoy (14° 4' ; 98° 14'). There 
are said to be two beds of ore, one of which forms a hill 2,000 feet u 
length, 400 feet broad, and 40 feet in height. 

Two samples of the ore were analysed by Ure (1827—2), whu 
reported that they contained 60-,55 per cent, and 60-2 per cent, of 
iron respectively, with traces of phosphate of lime (B. 415). 
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Toungoo.— According to Theobald (176^10, 91), thick beds of 
lateritic iron ore, consisting of a mixture of the protoxide and 
peroxide, occur along the base of the hills to the E. of the Rittang 
R. These deposits were described by Fryar ( 625 — (>), who states 
that they are specially abundant between Yondaing (18'^ 0' : 96“ 
54') and Thanzeik (18° 4' : 96° 53'). 


CENTRAL INDIA AGENCY. 

Bijawar.— A general description of the. mode of occurrence of 
iron ore in Bundelkhand has been given by Mcdlicott (1197 — 2, 44, 
81). Two varieties of ore are worked. The more important is a 
massive red hematite occurring in bands of clay at the top of the 
Bijawar series. The other is of lateritic origin, and is said to be of 
inferior quality, and not sufficiently abundant to be worked on a 
large scale (B. 393). 


\ 1 —Bose (17a-r., 

(]Niiiiaiu>ur) ) ^ 

iron ore has been worked :~ 


66) mentions two localities where 


N. E. of Bhaurikhera (22'' 22' 30" ; TO'' 27'). The ore is 
said to be very rich, occurring close to a fault line 
between the Vindhyans and Bijawars. 

S. E. of Jhirpania (22" 29' 30" : 70" 23' 30"). Surface 
deposits in the Bijawars. 


Ciwalior. — Bagh (22" 22' : 74" 51'). Extensive quarries of iron 
ore are mentioned by Oldham (1326 — is, 119) as having be.en 
formerly worked in this neighbourliood. The ore is a light yellow 
hematite, occiu*ring, according to Blackwell ( 139 , 4), as a vein 
from 10 to 15 feet in thickness in sandstones. The yield is said 
to be about 36 per cent. Fe. 

Par Hill (26" 2' 30" : 78" 6'). Iron ore was formerly worked 
on a somewhat extensive scale at this and other localities in the 
neighbourhood. The mode of occurrence has been described by 
Hacket (730 — l, 41). The ore consists of hematite, occurring as 
thin lamiaaj in variegated clays resulting from the decomposition 
of jaspideous shales, forming the lower portion of the Morar group, 
or upper member of the Gwalior scries. Layers of hematite occur 
throughout the whole formation, the thickness of which amounts to 
about 2,000 feet ; but it is only in places where the silica has been 
dissolved away that the ore is workable. Mines were also worked 
at Mangor (26" 5' 30" : 78" 6' 30") and Santow (26" 6' : 78" 11' 
^^^0'), and to a smaller extent at intermediate places. In all cases 
the ore occurs under the same conditions as at Par hill. 
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A series of samples from various localities, analysed by Schwarz, 
gave an average yield of 66 per cent. Fe. (B. 394). 

Indore.— Bose (173— r., 65, 67) mentions occurrences of iron ore 
at the following localities : — 

Barwai (22° 15' : 76° 6'). The ore occurs in Bijawar breccia, 
in a band 10 to 12 feet thick. Picked samples yielded 35 per cent. 
Fc. An' abortive attempt was made about the year 1860 to 
establish iron works here under the superijitendence of a Sw'edish 
metallurgist, Mr. Mitander ; but when the works had been erected 
and a large quantity of ore had been provided, the enterprise was 
abandoned by Government. The ore was obtained from the fol- 
lowing localities in the neighbourhood: — C hiktimouri (22° 17': 
76° 10' 30"), Karondia (22° 19' : 76° 7'), Mkndikhaira (22° 22' : 
76° 14'), and Nandnia (22° 16' 30" : 76° 4')— (B. 397). 

(l\iinawar). — Between Bain (22° 25' : 76° 45' 30") and Sendrani 
( 22° 28' : 76° 40' 30"). The ores in this area are said to lie 
abundant and rich. They were specially examined in 1907 by 
Sethu Rama Ran (see Holland, 859 — 66, 50). The origiiral rock 
appears to have been a hematitic .shale, at the base of the Vind' 
hyans, but ore also occurs lining fissures and hollows in tlie 
underlying Bijawars, and in the form of nodules and lumps in th.‘ 
disintegrated surface rock. 

Jiiabua. — Iron ore depo.sits reported to occur at Piprade (22" 
46' : 74° 42'), and on the Sanar R. (22° 48' : 74° 42'), were found 
on investigation {see Holland, 859 — 06 , 48) to be too small and of 
too low a quality to admit of successful working. 

Panna. — Both lateritic ores and the ferruginous breccia a.s.;o- 
ciated with the Bijawar strata occur, as in the adjoining State 
of Bijawar (see Vredenburg, 1854—18, 313). Franklin (616—1. 
277) alludes to the abundance of the former in the valley of the 
Ken R., but remarks that they were not largely worked. 

Rewah. — Iron was formerly manufactured on a large scale fr ’i" 
hematite obtained from the transition (Bijawar) rocks of the 8on 
valley (see Oldham, 1325, 172), but the industry has greatly declined. 
The smelting of iron at Khairahi (24° 5' : 82° 47' 30") in Singraub 
is mentioned by Roberts (1492, 483) and Smith (1655—2, 94). 
The ore here was derived from coal measure (Damuda) rocks, but is 
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said to have been of poor quality, not more than 17 5 per cent, of 
iroa being extracted by the smelters. 

CENTRAL PROVINCES. 

Statistics of the iron industry in the Central Provinces, compiled 
from reports by the district officials, are given for the year 1898 
ill the Agricuhiiral Ledger, Volume V, No. 17, and for the years 
1904 tp 1913 in the Quinquennial Eeviews of Mineral Production 
(861, n7 ; 862, 119). The following extracts from these figures, 
giving the number of furnaces at work in the years specified, will 
illustrate the genorftl trend of the industry ; — 


District. 


1898. 1 

i 

i 

1 

1004. 

1909. j 

■ 

m3. 

Bala^hat . 



8 


. . 

Bliaodara . 


14 




Bilaspur . 


“ 


103 

99 

Chanda 



41 

9 

20 

Dainoh 


1 

. . 



Drug 


! 


50 

40 

Jiibhiilpore 


25 ; 

98 

26 

29 

Mandla 


51 ! 

46 

05 

49 

INarsinghpiir 


25 i 

, 8 , 

4 

i 

Raipur 


33 

68 

230 

181 

iHaugor 


‘35 

i 18 

13 

19 


Tot.\l 

207 

287 

510 

437 


The quantity of iron ore raised in the Provinces during 1898 
amounted to 3,027 tons, as against 2,387 tons in the preceding year. 
During the quinquennial periods 1904 to i908, and 1909 to 1913, 
the average annual production remained at about the same level, 
being 2,189 tons and 2,611 tons respectively ; but in 1914 the output 
showed a sudden increase to 18,402 tons, the cause of which is not 
stated in the returns, but is probably connected with prospecting 
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operations in the Jubbulporo district. In 1915 the output fel] 
again to 4,747 tons. 

Basiar. — Bose has recorded the existence of . rich and extensive 
deposits of iron ore in the Autagar tahsil {see Griesbach, 708 — 3i, 
38). Two localities are specially mentioned : — 

IIuKTELi (19° 56' 30" : 81° 30"). The ore is due to the 

lateritisation of bands of hematite-quartzite. 

Topal (20° 8' 30" ; 81° 13'). The ore appears to be the 
product of decomposition of a dense dioritic rock. 

Chanda. — Asola (20° 13' : 79° 53'). Datta (424 — s) reports a 
lode of hematite lying about a mile to N. W. of the village, traceable 
at the surface for about 400 yards, and with an average thickness 
of 30 to 40 feet. Analysis; — Fe— 65'99: Si02=3‘89 per cent. 
This lode is referred to by Hislop (843, 380) and Hughes (888 — 20 . 
110) as the Gunjwahi deposit. 

Bissi (20° 38'; 79° 28'). Hughes (888—12, 78) records a lode, 
containing hematite and magnetic oxide of iron, about a mile 
directly E. of the village. 

Chamoitesi (19° 56' 30" ; 79° 57'). Iron ore was observed by 

Datta (see Hayden, 793 — 24, 71) in the quartz hills to the S. K. 

The quantity available is unknown. 

Dewaloaon (20° 23' : 80° 3'). Hislop in 1855 (843, 380) called 
attention to the abundance of iron ore at this locality. Khandesh- 
war hill, a crag 250 feet in height, to the S. E. of the village, is s<ai(l 
to consist almost entirely of ore, but Datta (424 — r>, 310) found that 
the bulk of the rock is only slightly ferruginous. 

Two lodes of hematite were discovered by Datta (1. c.) close to 
the village ; — 

(1) 100 yards to N. W. Exposed portion of lode 255 feet 

long, 4 feet 6 inches to 9 feet 6 inches thick. Ana- 

lysis ; — Fe=61-2 : Si02=l 1-04 per cent. 

(2) 400 yards to S. by E. Visible portion of lode 300 yards 

long, average width 20 feet. Analysis ; — Fe— 67-76 : 

SiO2=l-50 per cent. 

Lohara (20° 24' ; 79° 47' 30"). As described by Hughes (888 
— 12 ), the iron ore forms a hill three eighths of a mile in length, 
200 yards in breadth, and 120 feet in height. The lode has been 
traced by Datta (424 — 5) southwards for a distance of about 2^ 
miles, appearing to die out about a mile to the S. of Aliwahi (20° 
22' 30" ; 79° 45'), and consists of hematite-quartz-rock, occasion- 
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ally so siliceous as to be valueless as an ore. The amount available 
is said to be very large. Analysis by Forbes ( 697 ) Fe=69-208 : 
P=--0 005 : 8=0 012 : SiO2=0-823 per cent. 

PipAgaon (20° 32' 30" : 79° 33'). An excessively fine mass of red 
hematite, resembling the ore at Lohara, is recorded by Hughes 
(888 — 12, 78) as occurring at about three quarters of a mile to the E. 
of the village. Analysis by Ness (1288 — 3) Fe=71-05 ; Si02= 
4-5 per cent., with traces of phosphorus and sulphur. 

Poser (19° 56' ; 80° 12'). A band of hematite was traced by 
Datta (see Hayden 793 — 24, 71) for a distance of 275 yards, with an 
average thickness of about 20 feet. The ore contains 69-8 per cent. 
Fe. 

Ratnapur (20° 21': 79° 37' 30"). Hughes records (888-12, 
78) a very rich lode of brown iron ore, in places 40 or 50 feet wide. 
Analysis by Ness (1288 — 3) : — Fc=49-7 : insoluble matter = 26-0 per 
cent. 

WiNGNUR (19° 46' 30" ; 80° 15' 30"). Lodes of iron ore were 
observed by Datta (see Hayden, 793 — 24, 71) in the rtfhge extend- 
ing from this locality to Emagarh (19° 42' : 80° 32'). The amount 
available is not known. 

Yemlapali (19° 7' : 79°’ 54'). According to King (987 — 23, 
197), brown and red hematite occur in abundance in the sandstones 
of the Chikiala group, in the valley of the Pranbita R. It is smelted 
to a limited extent at many places along the edge of the outcrop, 
especially at Yemlapali on the Pranhita. The furnace in use and 
})roccss of smelting arc described. 

In the year 1875, Ness (1288 — 3 ; — 4) described the results 
of practical experiments made at Warora in snudting iron ore from 
Lohara and Ratnapur with Warora coal. Two trials were made, 
lasting for 4 and 5 days respectively, but in neither of them was the 
iron reduced to a liquid condition ; though it is stat ed that the heat 
developed was sufficient to melt the fire-brick lining of the hearth 
(see also Hughes, 888 — 20, 141). The results of these experiments 
were afterwards discussed by Hackney ( 731 ), who agreed with Ness 
that the failure was due to the soft and impure character of the coal 
employed (B. 387). 

Finally, Schwarz (1594 — 2) reported on the ores of Lohara and 
Lipalgaon, with a view to the establishment of iron works on a largo 
scale in the neighbourhood. It was proposed to use charcoal as fuel, 
and it was thought that, with proper conservation of the forests, 
an output of 25,000 tons of iron per annum might be provided for 
in the first instance. Durgapur, on the Erai IL, was suggested as 
a suitable site for the erection of the works. 
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Drug. — In the year 1887, Bose (173— '<) gave an account of 
the iron ores in the western portion of the Raipur district, since 
included in the district of Drug. The principal deposits were found in 
the following areas ; — 

Daundi-Lohara Zemindari. 

Dhalli Rajiiara (20° 34' : 81° 6'). These are the most im- 
portant deposits in the district, consisting of bands of hematite 
developed in thin-bedded Chilpi (Dharwarian) sandstones, and extend- 
ing for a total distance of about 20 miles. They have recently been 
examined by Weld (1911) on behalf of the Tata Iron and Steel Co. 
The purer ores occur in the form of lenticular masses or bodies at 
two horizons ; those in the lower band being from 2,000 to 3,000 
feet in length and 1 00 feet or so in thickness ; while those in the 
upper bancl are comparatively small. The largest mass, forming 
the crest of Rajhara hill, was proved by boring, and estimated to 
contain 10 million tons of ore. Average results of analyses, — 
Surface samples Fe=---66-35 : P-0-058 : S-0-108 : SiOg - M l : 
Mu— 0-151 per cent. Core samples ; — Fe-— 68-56 : P—0-064 : S - 

0-071 : SiOo— 0-71 : Mn— 0-175 per cent. 

(lANDAi Zemindari. 

Magarkund (?). Iron is smelted from nodules of hematite 
derived from ferruginous Chilpi sandstone. 

Kairagarh Feudatory State. 

In the hilly western portion of the State there is an abundance 
of iron ore, both lateritic, and hematite occurring in Chilpi sand- 
stone. The ores are worked at Borla (21° 21' 30" ; 80° 50' 30"). 
K'atulkassa (21° 20' : 80° 48' 30"), etc. 

Nandgaon Feudatory State. 

Lateritic ore occurs over an area of 8 square miles in the neigh- 
bourhood of Jurlakhar (21° 30' : 80° 48'). 

Thakurtola Zemindari. 

At Chutrala (21° 34' 30' : 80° 56') iron ore occurs under the 
same conditions as at Magarkund in Gandai. Lateritic ores are 
worked at Kumi (21° 35' : 80° 52') and Basantapur. 

WoRARBAND. 

Iron ore occurs in lateritic deposits to the W. of Worab (21° 4 - 
80° 53' 30"), but has not been utilised. 
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Iloshangabad see NImar below, 

Jubbulpore.— The iron ores of Jubbulpore are confined to the 
north-eastern portion of the district, where they are developed in 
connection with a belt of Bijawar (Dharwarian) rocks surveyed 
in 1871 by Hacket {see Oldham, 1326 — 71 , 9), who gave the name of 
' Lora group ’ to the principal iron-bearing strata. The ores were 
subsequently classified by Mallet (1159 — 3 ()) as (1), Bijawar ores, 
consisting mainly of micaceous, siliceous, and manga niferous hematite 
with some limonite ; and (2), Lateritic ores, consisting mainly of 
pisolitic limonite, with a smaller proportion of hematite. To these 
Ferinor (577 — 33, 259) has added a third, or Lateritoid, group, 
formed by secondary replacement along the outcrop of the Dharwar 
roc'ks. The Dharwar ores are chiefly developed in the pargana of 
Khiimbi, to the E. and S. E. of SiiiouA (211'' 29' : 80'^ 10'), and the 
lateritic ores in the pargana of Bijeragogarh, in the neighbourhood 
of Katnt (23" 50': 80" '28')-(B. 384). 

The following are the principal localities mentioned:— 

Agakta (23" 23' : 80" 13'). The ores consist of soft micaceous 
hematite and harder, schistose hematite, with a thin capping of 
laterite, exposed in a hill half a mile to the 8. of the village. The 
total quantity of ore available w^as estimated by Mallet (1159 — 30 , 
97) at about 14 million tons; but this estimate has been enormously 
reduced by Martin and Louis ( 1179 ), wlio reported that the ore 
forming the bulk of the hill is not suitable for blast furnaces, and 
that the laterite capping might supply about 750,000 tons of ore, 
containing 45-67 to 58-58 per cent, of iron. Analyses of the ores 
gave the following average result,-- Lateritic or(‘S (3 samples) : — 
Fe~53-37 : 0*146 ; S^^d)-02 : Si()2^9*78 per cent. Hematite 

schists (2 samples) ;—Ee-59*55: P- 0*078 : 8-0*02: Si02-7*92 per 
cent. 

A band of hematite schist, 4 to 5 feet thick, forming the crest 
of a ridge running westwards from Agaria hill, was also examined 
by Martin and Louis. Analysis : — Fe— 50-07 : P—0-074 : S— 0*036 : 
Si 02 — 11*37 per cent. 

Bijori (23" 48' : 80" 34'). Several sections of the laterite at 
this locality and in the neighbourhood are given by Mallet (1159 — 
104). The ore, pisolitic limonite, occurs in thin inconstant 
bands at a depth of 2 to 3 feet below the surface. The average 
^SS^^gate thickness of ore, measured in 8 pits, was 3 feet 9 inches. 
Two samples yielded on analysis 56*84 and 50*20 per cent, of iron 
K^spectively, with L29 and 7*94 per cent, of insoluble matter, 
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Dharampur-Gosalpur (23"^ 24' : 80° 7'). Bose (173 — 9, 73) hag 
given details of a number of trench sections at these localities, 
showing numerous bands of micaceous and manganiferous hematite. 
T^he total apparent thickness of ore amounts in places to 50 feet, 
according to Mallet (1159 — 36, 102), but the ores are of a lateritoid 
character, and do not continue in depth. A sample from Gosab 
pur yielded 57-10 per cent. Fe, and 1-69 per cent. P 2 O 5 . 

(tHOCtRA (23° 29' : 80° 15'). The ore here is a micaceous, man- 
ga nifero us and siliceous hematite, containing 46-43 per cent. Fc, 
12-26 per cent. Mn, and 9*35 per cent, of insoluble matter. It is 
said to produce a steely iron, used in making edged tools (Mallet, 
1159—36, 101). 

Imalia (23° 46' 30" : 80° 26'), Pisolitic limonite, of the same 
description as the Bijori ore, is quarried here and at other localities 
between this place and Katni (Mallet, 1159 — 36, 107). Two samples 
contained 54-47 and 52-66 per cent. Fe respectively. 

Jauli (23° 23' 30" : 80° 17' 30"). Mallet (1159—30. 99) des- 
cribes the ore as a semi-ochreoiis hematite interbanded with quart- 
zose layers, with a total thickness of about 150 feet. A large amount 
of the ore lias been quarried for use as paint. Martin and Louis 
(1179) did not consider the deposit workable as a source of ore under 
modern conditions. Four picked samples gave tlie following aveiagi' 
result on analysis: — Fe— 60 01 : P=0-096 ; S--0'030: SiOo 1011 per 
cent. 

Kanhwar.\ Hills (23° 50' 30" : 80 ° 30'). Latoritic on'.s.- 
pisolitic limonite,— occur over an area of at least 21 .square miles, 
according to Mallet (1159 — :o>, 108). There arc three bands of ore 
from 2 feet to 2 feet 6 inches thick, and the total quantity available 
is estimated at 49 million tons. A sample fronv the uppenuo.st 
Beam yielded 57-52 per cent. Fe, and 0-76 per cent. PoO;-,. 

Loka Hill (23° 30' ; 80° 13'). Mallet (1159-30, 100) describes 
this range of hills as consisting mainly of ferruginous siliceous 
schist, composed of alternating layers of micaceous hematite aiid 
quartz. The greater proportion of the rock is too siliceous to be of 
value as ore. 

Saiioli (23° 24' : 80° 15' 30"). Two low hillocks to the 8 . of 
the village arc composed, the one wholly, the other partly of schis- 
tose and micaceous hematite. Mallet (1159 — 30, 98) estimated the 
total quantity of ore available at 3| million tons ; but as the ore is 
believed to occur on the same horizon as that at Agaria, it is pro- 
bably equally unsuited for modern rccpiiremonts. Two samples 
yielded 64-55 and 68-02 per cent. Fe respectively. 

258 



IRON 


SiLONDi (23^ 30' : 80^ 10'). Martin and Louis ( 1179 ) noted 
two bands of siliceous hematite, 40 feet and 20 feet thick respectively, 
at this place, which is close to Sihora railway station. Samples 
yielded from 44*95 to 52*15 per cent. Fe. The deposits were con- 
sidered to be valueless under present conditions. 

The native methods of smelting have been described by Bose, 
(173 — t), 87), Holes ( 858 ; — i; — 2), and Wynne ( 1977 ), Fernandez 
(579) has given an account of experiments in iron smelting with a 
native furnace carried out during the rains, and with the addition 
of a flux. The feasibility of carrying on the operations throughout 
the year was demonstrated, but it is said that the use of a flux did 
not increase the output of iron. 

Murwara, near Katni, was recommended by Mallet (1159 — 36 , 
115) as a site for the establishment of iron works. 

Narsinglipur. — Omarpani or Tendukhera (23^ 10' 30" : 78"^ 56'). 
The excellent quality of the iron manufactured at this locality 
attracted a considerable amount of attention between the years 
1855 and 1857, when the mode of occurrence of the ore, and the 
native methods of smelting were described by Jacob (923 — 2, 47), 
'Winscom (6'cc’ Balfour, 69 — 2, 207), Medlicott (1199 — i, 24), and 
Blackwell ( 139 ). At that time 70 or 80 furnaces were at work at 
Tendukhera, witli an output of about 140 tons annually ; but 
Bartlett ( 81 ) states that in 1898 the number had declined to 7, and 
according to the latest returns the industry has completely died out. 

The ore was mined at Omarpani, 2 miles from Tendukhera, and 
consists, according to Medlicott, of hard, earthy, red and brown 
hematite, with occasional masses of specular ore, irregularly dis- 
tributed in fissures and hollows among Ifljawar limestones and 
quartzites. No estimate of the quantity available has been made. 
Medlicott attributes tlie superior (jiiality of the irou produced to the 
fact tJjat the ore is slightly calcareous. The yield is said to have 
been about 40 per cent. 

Steel was prochiccd, according to an unpublished report by Frank- 
lin, by reheating and hammering the crude metal eight times. After 
the third operation, the heated metal was rolled in burnt cowdung 
before being hammered, and finally, when red hot, was plunged 
into water (B. 385), 

Mimir.—The occurrences of iron ore in the northern portion of 
the Nimar and Hoshangabad districts, along the valley of the 
Narbada R., have been described by Jacob (923 — l ; — 2), Medlicott 
(1199 — 1, 24), Blackwell ( 139 ), and Oldham (quoted by Medlicott, 
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1199 — 3 , 271). The ores worked were almost invariably hematite, 
obtained from breccias occurring in the Bijawar series near their 
junction with the Vindhyans, or from surface accumulations of 
debris formed by the disintegration of the same rocks. Bose 
(173 — T), 64) has given a list of the principal localities where the 
ores were worked : — 

Basnia, miles E. of the Cliota Tawa R. A superficial deposit. 

Billora (22° 14' : 76° 8' 30"). Ore occurs in inetamorphic 
schists, li mile to E. of village. It is too poor in quality to be 
worked with profit, 

Chandgarh (22° 15' 30" : 70° 40' 30"). Apparently a surface 
deposit, close to tlie base of the Vindhyan sandstones. Jacob 

gives the yield as 03*4 per cent. Fe. 

Kajbeiu (22° 22' : 76° 59'). In Bijawar breccia, close to the 

boundary line with the metamoiphic rocks. 

Between Kiiudia (22° 14' : 76° 47') and Mohla (22° 16' : 76° 46'). 
In Bijawar Breccia. 

Kotka, near Btjalpur (22° 12' 30": 76° 41'). A vein 'iHSiiK 
at the junction of the Bijawars with Vindhyan sandstones. 

Matni (22° 16' : 76° 37'). The ore is said to be very rich, 
occurring in Bijawar breccia. 

Nandana (22° 21' : 76° 43'). In Bijawar breccia. The ore is 

said to be poor. 

NiMKiiERA or Lemekiiaira (22° 18' : 76° 58'). Ore similar to 
that of Barwai in Indore ; said to occur in large quantities. 

SoNTALAi (22° 21' : 76° 56'). Nicholls (1299) has described an 
occurrence of iron ore, formerly worked, about 2| miles \V. of the 
village. The deposit was apparently of limited extent. 

Raigarli. — In the Rampur (Raigarh-Hingir) coal field, Ball (71— 
21, 107, 120) noted the occurrence of zones of ironstone at two 
horizons in the Barakar group. These ores are most abundant in 
the neighbourhood of Kodaloi (21° 47' 30" : 83° 53'), and were 

largely used by the native smelters. The quality is said to be good, 
but no analyses were made (B. 381). 

Saugor. Htrapur (24° 22' : 79° 16'). The process of iron 
smelting at this locality has been described by Oldfield (1322). The 
ore was obtained from lateritic deposits associated with Bijawar 
rocks, and is said to be abundant. 

leotmal l __YA^fAK Hill (19^ 51' 30" : 79° 8'). In 1870 Oldham 

(Wuil) j '' \ r n . 

(1328 — 62) published analyses of specimeas of iron ore irora t.ie 
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Wun area, showing an average proportion of 56 per cent. Fe. He 
refers also to the existence of bands of conglomerate in the Vindhyan 
rocks of Yanak hill, containing pebbles of hematite yielding 68-5 per 
cent. Fe. Hughes (888—20, 111), however, considered the-sc bands 
to be of little value as a sourc<5 of ore. 

HYDER.48AD. 

Bilgraini ( 186 ) has given a sketch of the geology of tlie Nizam’s 
dominions, followed by a general description of the iron ore re- 
sources and of the native process of manufacture. The ore com- 
monly used is magnetite, occurring in granules disseminated through 
granitoid gneiss, schist, or sandstone, and is either separated by 
winnowing from the disintegrated rock, or collected from the sands 
of rivei’s. It contains on the average about 66 per cent. Fe. Late- 
ritic iron ore also occurs in large quantities, but is only used to a 
limited extent. The richest varieties contain about 46 per cent. 
Fe. 


Kidar. — Iron was formerly smelted on a small scale from nodules 
of hematite occurring in lateritio deposits, which cover a wide area 
to the S. of Kaltant (17*^ oJV : 77^ O'). Furna(‘es were seen at work 
by Newbold (1894—32, 998) at Mauhi and Booutri, on the road to 
Gulbarga. The ore was crushed and roasted before Ijeing sriieltcd. 
The output of each furnace was about 641b. of iron a day. 

\izamahad.— K onasamuoram (18® 44' : 78® .'^5') is said to liave 
been one of the localities where the stool used in the manufacture 
of the famous Damascus sword blades was made. The process has 
been described by Voysey ( 1858 - 5), who witnessed it in operation 
in 1820, when the place was still visited by Persian traders for the 
purpose of purchasing the steel. Two kinds of iron were used, — one 
smelted from magnetic sand obtained at Mirtaralu (?) ; the other 
from lateritic ore brought from KoNDAruR (18® 30' : 78® 30'). These 
were smelted together in crucibles, in the proportion of 3 to 2, with 
fragments of glass slag. The mixture was subjected to a very high 
temperature for 24 hours, after which the cakes of steel, each weigli- 
ing about ]|lb., were covered with clay and annealed in the furnace 
for 15 or 16 hours, the process being repeated if necessary. Steel 
was also manufactured in a similar manner at Dimdurtj (? Dkva- 
thoortv, 19® 5' : 78® 38') from magnetite granules disseminated 
through gneiss and hornblende schist. According to Malcolmson 
( 1158 — 7 , 106 ; —8, 546), the ore was obtained by pulverising and 
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washing the rock, the harder portions being previously roasted 

(B. 368). 

Raich iir. — New bold (1291 — 23, 932) has noted the existence of a 
band of hematite, formerly smelted by* the Hindus, in the Jiaddigudd 
hills to the S. E. of Tawuruciiu (lO” -16' ; 76° 28'). Foote (596 
— 12, 51) also alludes to the presence of beds of very rich hematite 
schist in these hills. The industry had died out owing to the lack 
of fuel. 

Waraiigiil. — Walker (1868—1, 390 ; — 3, 725; — 4, 222, —r,; 
132) has described the iron resources of the eastern districts of 
Hyderabad. 'Fhe ores used wore inaijily derived _ from lateritic 
deposits, especially where these rested on trap. Extensive smelt- 
ing is said to have been carried on in the parganas of Kollur and 
Anantagiri (B. 359). 

Pedda Gopatti (17° 10' 30" : 80° 19'). 'Fhe occurrence of beds of 
fairly rich magnetic iron ore, associated with hornblendic schist, wa.s 
noted by Foote (596 — 28, 17). The ferruginous beds form two low 
ridges, extending for a considerable distance to the southward. 
The ore does not appear to have been rained. 

SiNOARENi (17° 31' : 80° 19' 30"). In the same paper (596—28. 
19) Foote calls attention to the existence of a large and impoitaiit 
bed of magnetic iron ore near the southern boundary of the 
Singareni coal field. The outcrop of the ore was traced for a 
distance of about 3 miles, forming a ridge estimated at 150 to 
300 feet in height, 'fhe ore i.s said to ho very rich in quality. 


KASHMIR. 

Iron ore was fornrerly worked on a somewhat exteJisive scale 
between the villages of Soap or Soe (33° 37' : 75° 21' 30") and 
Kothair (33° 40' : 75° 19'), where its mode of occurrence has been 
described by Vigno (1846—4, Vol. I, 337) and Vercherc (1839 —2 
186 ). In 1888 , when the locality was visited by La Touche (1034 
— 14, 68), the industry was almost extinct. 'The ore is an impure 
calcareous limonite, occurring in layers from a few inches to 2 feel 
in thickness among shales and limestones of upper Triassic age 
The workings consist of burrows, barely large enough to admit the 
passage of a man extended at full length, driven along the dip at 
frequent intervals to a depth of 30 or 40 yards. 

.lainmu. — Iron ore has been extensivel)' mined, according to 
Medlicott (1197—41, 54), from a band of siliceous breccia occurring 
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at the top of the ‘ Great Limestone ’ series in the Sangae Marq 
coal field (33° 12' ; 74° 41'). The ore is a cellular limonito, forming 
the matrix of the breccia, and has probably been derived by in- 
filtration from the overlying numniulitic beds. 

MADRAS. 

In 1858 Balfour (69 — 2) compiled a detailed report on the iron 
resources of the Madras Presidency, from which the following parti- 
culars of the state of the industry in tlic various districts are abs- 
tracted ; — 

Arcot (>'.), p. 13. Accounts by Heyne (834—2, 189), Bour- 
dillon, and Brooke arc quoted. Magnetic sand collected in the 
streams is chiefly used. Ironstone is jnined at Sanna.\ialai hill, 
in the Arni Taluk, and in Pomu. About 200 furnaces were in 
operation. Tue outturn of each was about 7 cwt. annually. 

Arcot (S.), p. 35. The ores are found in small patches close to 
tlic surface. A list of villages where iron is smelted is given. 

Itellary, p. 40. Iron sand and lateiitic ores arc both used. The 
yield of malleable iron is about 33 per cent. A list of ore localities 
and furnaces is appended, aiul the operation of smelting is described. 
The annual production of iron is said to be aI)out 570 tons. 

t'liinglepiit, p. 63. Magnetic iron ore is said to exist in great 
abundance, but smelting is not actively carried on. 

('oiiiikatoro, p. 65. Magnetic sand is used. Malleable iron and a 
variety approaching steel in hardness arc produced, the latter spe- 
cially at Palghat (10° 45' ; 76° 43'). 

Cuddapali, p, 67. Iron sand, said to yield about 50 per cent. Fc, 
•is smelted at Eamiafuli.emI?). Lateritic ores, yielding about 33 
per cent. Fe, arc used in other localities. 

Ganjain, p. 75. A poor variety of lateritic ore, yielding only 
14 per cent. Fe, is smelted at Gumsur (19° 50' 30" : 84° 41'). 

Godavari, p. 191. Accounts by Ileyne (834 — 2, 218, 224) are 
quoted. The ore is obtained from a bed of lateritic gravel, not 
more than 18 inches in thickness, immediately beneath the surface. 
Tlie industry had become extinct. 

Guntur, p. 77. Lateritic ore is quarried in the Datcliapalli, 
rimerkota, and Narasaraopet Taluks. Twenty-seven fiu'naces were 
^t work, with an annual outturn of about 2 tons. A description of 
the furnace and process of smelting is given. 

HIstna, p. 124. Lateritic ores exist in some quantity, but are 
Rot largely used. The yield is about 25 per cent, of crude iron. 

Kurnooh p. 101. Lateritic ores arc said to occur in extreme 
abundance throughout the district. 
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Madnra, p. 117. A report by Muzzy (1278, 101) is quoted. 
Iron sand and lateritic ores are widely diffused. A list of villages 
and of furnaces in each is given. 

’Ilalubar, p. 102. Accounts by Buclianan-Hamilton (222 — 
Vol II, 437) and Conolly are quoted. Lateritic ores, yielding about 
25 per cent, of crude iron, are used. 

Nellore, p. 182. Lateritic ores are used, but are not widely 
distributed. Iron is smelted at 14 villages in the thlayagiri Taluk, 
The annual output is about 56 tons. 

INilgirb p. 175. Observations made by Benza (110 — 3, 249) are 
quoted. Thick beds of magnetite, interstrati fled with quartz, are 
said to occur near Kotagiri (11^ 24' 30" : 76^ 56'), and large masses 
of hematite in the valley of the Moyar K. 

Salem^ p. 197. The account is compiled from various sources 
(6‘ec Leschenault de la Tour, 1062 — l, 344 ; Prinsop, WSG—ll ; 
Heath, 799 — 3 ; Campbell, 272 — B ; and Newbold, 1294 — 45, 763), 
and describes the processes of iron smelting and of manufacturing 
wootz or steel. The ores used are hematite and inagnetic iron sand 
obtained from the river beds. A list of the villages where iron ore 
is mined and smelted is given. 

^pith Kauara, p. 60. Lateritic ore, brokbn into small pieces, is 
used. The furnace is merely a cavity in the ground. The yield is 
about 33 per cent. Fe. The island of Baswaraj Drug (14° 19' : 
74° 27' 30") is mentioned as the principal locality. 

Tiniicvellyr p. 216, Magnetic iron sand collected from the 
streams at the foot of the hills is used. About 70 furnaces were at 
work, with an annual outturn of about 230 tons. 

Travancorc, p. 224. Lateritic ore and iron sand are both used. 
At Shenkotta (? 8° 12' : 77° 26') about 130 tons of crude iron 

were produced annually. In an experiment with ore from Udagiiu 

(8° 14' 30" : 77° 24') the yield was about 45 per cent, of good iron. 

Vizagapatam, p. 229. Iron is manufactured to a limited extent 
in the hill tracts from lateritic ores, and a fine quality of steel is 

made. The yield varies from 17 to 25 per cent, of metal. 

The following papers also deal generally with the iron industry 
of southern India : — 

1843. Campbell (272 — 16). Discus>ses the possibility of estab 

fishing iron works on a large scale. 

1857. Sowerby (1679— *5). Gives a fist of the iron ores of tlir 

Presidency, with remarks on their qualities. 

1892. Holland "(859 — ii). Describes the nature and distri- 
bution of the iron ores in the southern districts of the 
Presidency ; discusses the question of fuel supply ; 
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and describes the native processes of iron and steel 
manufacture. 

The following particulars are derived from reports published 
since the compilation of Balfour’s work, and dealing with special 
areas : — 

iircot (^’.) Holland (859 — ii, 7) mentions the occurrence of beds 
of magnetic iron ore to the S. of Gudyatam (12° 57' : 78° 56'), and 
2i miles to the W. of Veli.ork railway station (12° 55' : 79° 11' 30"). 

Arcot (S.) Particulars of a large number of cxp.osures of magne- 
tite in the eastern and northern portion of the Kalrayamnalai arc 
criven by King and Foote (988, 291). 'fhe most important beds 
were observed in the neighbourhood of Sankaraparam (11° 53' ; 
78° 58' 30"), Chinna Tirupadi (11° 43' ; 78° 51' 30"). and Madur 
H iim (11° 45' ; 78° 46' 30"). 

In 1830 iron works on a considerable scale were establi,shed at 
Porto Novo (11° 30' : 79° 49') by Mr. J. M. Heath, and were subse- 
quently carried on by the Porto Novo Steel and Iron Co. and the 
East Indian Iron Co. The latter Company also erected a blast 
furnace at Tiruvannamalai (12° 14' : 79° 8'). Although a large 
])ortion of the iron produced was exported to England, to be used in 
the manufacture of steel, the enterprise never met with financial 
success, and was finally abandoned in 1867. Detailed accounts of 
the operations of the Companies have been published by Garstin 
(036, 441) and Maylor (1194— 2)— (B. 349). 

Bcllary.— Foote (596 — 34 , 25 ; — 30 , Chap. V) has de.scribed 
the occurrence of numerous bands of siliceous hematite in the 
Sandor hills, to the west of Bellarv (15° 9' : 76° 59'), and on the 
xMallapan Gudda (14° 55' : 76° 2'). The richest ma.ss of ore was 
observed half a mile to the S. of Kammakaravu (15° 1' : 76° 40' 30"), 
forming the crest of a ridge 150 ft. in height ; but the softer varie- 
ties of ore were preferred by the native smelters at Kannevihalli 
(15° 3' : 76° 34'). 

Chiiigleput. — A bed of magnetic iron ore, about 3ft. thick, is 
mentioned by Holland (859 — li, 7) as occurring about a mile to the 
B, of the Sub-Collector’s bungalow at Chingleplt (12° 42' ; 80° 2'). 

Coimbatore. — Thomas (1766) gives a list of the localities where 
iron sand, which is the ore commonly used, is collected. According 
to Holland (869 — ll, 7), magnetite of gdod quality is said to occur 
iu the Kollegal Taluk, and a very rich bed in the Doddancombai 
•forest, in the Satyamangalam Taluk. 
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Cuddapah. — According to notes by C. M Oldham, quoted by 
King (987 — 7 , 280), bands of arenaceous hematite occurring in the 
Cuddapah series are worked in the neighbourhood of Yeragunt- 
LAKOTA (13^ 58' : 79° 20') and Chintakunta (13° 44' : 79° 
14'). The ore is brought from the eastern slopes of the hills 
between these places, and is said to be tolerably rich, yielding 
from 25 to 33 per cent, of crude iron. An account of the iron 
industry in the district is also given by Gribble (707—1, 26). 

Godavari. — Blanford (148—30, 114) mentions the existence of 
large quantities of magnetic iron ore, occurring in lamina) with 
quartz, in the metamorphic rocks to the S. of Polavaram (17° 15' : 
81° 42'). The ore was smelted on a very small scale. 

Kistna. — Concretions of clay ironstone occur in abundance, ac- 
cording to King (987 — is, 255), in the sandstones of the Golapilli, 
Tripati, and Rajamahcndri groups, to the W. of Eajamahendri. 
Iron was smelted in the neighbourhood of Ramakapeta (16° 53' 
30" : 80° 66'), Komera (16° 58' : 81° 20' 30"). and Pentlam (16° 
53' : 81° 30' 30"). The process employed is fully described, and 
an elaborate account by Heync (834 — 2, 218). who witnessed the 
operation at the village of L.\tchmipuram (17° 1' 30" : 81° 22'), is 
quoted (B. 358). 

Kuriiouf. — Iron ore, in the form of layers, veins, and nests of 
he|patite, is freely distributed among the rocks of the Cuddapah and 
Kurnool series, according to King (987 — 7 , 277). but has only been 
worked in the former series. The finest occuricnce was observed 
in the Guntgal ridge (15° 34' : 78° 5'). where the ore is chiefly deve- 
loped along a number of east-west faults, and is associated with 
quartzites. Bands of highly ferruginous quartzites have also bec.n 
worked along the western slopes of the Nalamalai range betwe n 
Nandialampet (14° 43' : 78° 51' 30") in Cuddapah and NAJsmAi, 
(16° 29' : 78° 32'). Smelting was carried on at Roodrak (Rudba- 
VARAM, 15° 14' ; 78° 40'), and other villages in the neighbourhood. 
The process of iron making in this tract has been fully described by 
Wall (1875 — 6). The daily outturn of each furnace is said to be 
about 481b. of refined iron (B. 356). 

Malabar. — The gneissose rocks of the Ernad and Walluvanad Taluks 
in south Malabar are occasionally ferruginous. The following localities 
are mentioned by Lake (1025 — 1, 237) and Holland (859— ll. 8) : — 
Hematite-gneiss, 1| mile to the S. W. of Nilambur (11° 17': 
76° 17'). 
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Garnetiferous rock with bands of hematite, C miles to E. 8 .E. 
of Wanuur ( 11 ° 12 ' : 76° 18') ; and friable ore 9 miles 
to E. of the same place. 

Bands of ferruginous gneiss, a mile to the 8. of Porur (11° 9' 
30" : 76° 19'). 

Hematite gneiss, 2 miles to the 8 . E. of Yebdakurichi (10° 
57' ; 76° 31' 30"). 

Crystallised magnetite in gneiss was mined near Nkmini (11° 
3' : 76° 16'). 

The furnace in use and process of smelting are fully described by 
Buchanan-Hamilton ( 222 — 1 , Vol. II, 437) and Holland ( 859 — 11 , 
16 ). An account of the process, and of the manufacture of steel, 
was also given in the Colliery Guardian (35 — •'>4) in 1874. 

Iron works were establi.shed by the Porto Novo Steel and Iron 
Co. in 1833 at Beypur (11° 10' : 75” 52'), the ore being obtained 
from Feruk, near Beypur, and from Vf.rkella hill near Calicut 
( 11 ° 15' : 75° 50'). Its occurrence at the latter locality was described 
in 1819 by Babington ( 55 , 329), who says that it contains 75 per cent. 
Fe. The works were closed in 1867 (B. 350). 

Analyses of samples of the Malabar ores made at the Imperial 
Institute (see Dunstan, 514 — 7, 18) gave the following results 
Walluvanad ore, Fe=37'63 ; S—O-OIO per cent. Wandur ores 
(average of 3 samples), Fe— 49-56 ; 8—0 019 per cent. One sample 
contained 0-14 per cent. P 2 O 5 . 

Nellore. — Two important groups of magnetic iron ore have been 
described by Foote (596 — 17, 17) 

( 1 ) Ongole group. Four or five bands of ore are (jxposed in the 
Konijedu hills (15° 26': 80° 2 ' 30"); at Ongole (15° 30': 80 ° 6 ' 
30") ; and in Parnametta hill (15° 32' : 80° 4'). These arc pro- 
l)ably connected with each other beneath the alluvial deposits. The 
two upper bands are said to be the richest. 

( 2 ) Gundlakamma group. Ores are exposed at the following 
localities 

Burapalle (15° 41' : 80° 2 ' 30"). Two thick beds, sep.irated 
by granitoid gneiss, form part of a considerable hill. 

Manikiosavaram (15° 45' 30" : 80° I'). A bed, expos(Ml for 
about a mile, forms a small hill M. of the village. 

SiNGARiKONDA (15° 52' : 80° 2'). Five beds, of which three 
are moderately rich in parts only, form the main 
ridge of two hills. 

Vkmparala (15° 54' : 80° O'). Four rather unimportant 
beds. 
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A smaller bed, not connected with these groups, is exposed on 
the left banK of tne Maneru R., 3 miles to the S.W. of Singara 
Konda (15° 14' ; 80° 5' 30"). The bed is exposed for about three 
quarters of a mile, and is said to be moderately rich. 

Several beds of hematite schist were noted in the Chimdi hills, 
to the W. of PoLENANE Cheruvu (15° 12' : 79° 42' 30"). Only one 
or two of the beds are said to be rich in quality. 

In the .southern portion of the district. King (987 — 17, 142) has 
described the rjccurrence of numerous bands of quart/.ose hematite 
in the valley of the Svvarnamukiii R., between Tresalm.\re (13° 51' 
80" : 79° 56') and Ircot.a (13° 48' 30" : 80° O'). The beds are said 
to be thick, consisting of lamina; of quartz and grey iron ore wea- 
thering into red and brown hematite. 

In the Nellore Manual (174, 63), Bo.swell gives a li.st of the loca- 
lities at which iron ore was mined and smelted (B. 3.58). 

IS'ilgiri. — Fairly rich beds of magnetite and hematite occur among 
the gneissose rocks of the Nilgiri hills. The most important beds 
were observed by Blanford (147 — 3, 219, 248) near Karachola. a 
mile and a half to the W. of Kot.agiri (11° 21' 30" : 76° -56'), and on a 
fifur of Dopareita (11° 23' : 76° 48') overlooking the Dhobi's 
village. Pure strings of hematite, interfoliated with gneiss, were 
noted at Jaokatalla (Welungton, 11° 21' 30" : 76° 51'). Con- 
greve (348 — 2, 242, 249) also remarks upon the varieties of iron 
ore occurring at Ootacamund. 

Pudukotai. — Foote (596 — 18, 147) mentions the occurrence of a 
bed of magnetic iron ore in gneiss about a mile to the N.E. of Mal- 

LAMPATTI (10° 36' 30" : 78° 43' 30"). In another report (596-24, 

98) ho remarks that iron was formerly smelted on a considerable 
scale from lateritic ore at Ayangudi (10° 21' 30" : 79° 2' 30"). 

Salem. — Iron ores occur in great abundance in this district, and 
are in fact considered by Holland (859 — n, 9) to be practically in- 
exhaustible. Five principal groups of magnetic iron ore beds have 
been distinguished by King and Foote ( 988 , 279 sag.) : — 

(1) Godamalai (11° 41' : 78° 25'), p. 280. There arc two mam 
yiarallel beds of ore, traced from the western end of the Godamah-i 
through Valttr, Naiamaeai, and Manue to the neigh boiuhood oi 
Mondakuei (12° 6' : 78° 41') on the Ponniar R., a total distance 

of about 35 miles. On the Godamalai itself the main bed has an 

average thickness of between 50 and 100 feet, and forms precipices 
.several hundred feet in height. The ore is interlaminated with 
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quartz, the former occurring in the proportion of three-fifths to five- 
sixths of the mass. 

The petrology of the Godamalai beds has been studied by Holland 
(859—30, 111), who shows that both hematite and magnetite are 
present in the ores. 

(2) Thalaimalai-Kolimalai, p. 284. Two series of beds are 
e.xposed at intervals, forming a great curve with its apex to the 
S.W. of Kirambur (11° 12' : 78° 9'). On the southern branch of the 
curve the iron beds appear at a little to the N. of Tattaivanoae- 
pettai (11° 7' ; 78° 30'), and extend westwards along the northern 
flanks of the Thalaimalai (11° 4' 30" : 78° 23') to the S. of Kirambur. 
On the north-ea.stern branch they appear at Vellaeapatti (11° 20' 

78° 11'), and are lost sight of on the northern spurs of the Kolimalai. 
The inner series of beds is not well developed on the southern branch 
of the curve, but to the N.E. it contains important beds of ore on 
the E. and N. flanks of Kanavaipatti hill (11° 11' : 78° 12' 30") ; 
on the Nainamalai spur (11° 19' : 78° 16') ; and on the ridge above 
Pailam (11° 22' 30" : 78° 24'). Further to the N. B. some magnetic 
ore beds exposed at Tammamp.atti (11° 26' 30" ; 78° 33') may belong 
to this series. 

(3) Singapatti or Singapuram (11° 37' 30" : 78° 28'), p. 28?! 
'riirce principal beds of ore are exposed on either side of a .synclinal 
fold, whose axis runs from W. to E. N. E. The greatest visible 
development is on the northern side of the fold. The beds appear 
to die out in the direction of Ettapur (11° 40' : 78° 32' 30") on the 
Vellar R., but are believed to extend to the N.E. into the Kalrayan- 
malai, in South Arcot. 

(4) Thirtamalai (12° 5' : 78° 40'), p. 289. Two great beds of 
• ore form the crest of the range, and are probably continued north- 

ward.s beyond the Ponniar R. The iron smelted from these beds is 
said to be held in great estimation. A bed of ore exposed in a ravine 
to the S. of Taltuki (11° 57' : 78° 35') may belong to this group. 

(5) Kanjamalai (11° 37' ; 78° 7'). The ores of this group are 
the most valuable in the district, and arc described in an ylppendix 
to the report (p. 379). Their distribution and geological relations 
have also been described by Holland (859—3, 141). The rocks 
composing the hill are disposed in the form of an elliptical, synclinal 
basin, greatly disturbed to the N. W. by intrusive dykes of granite, 
basic, and ultrabasic rocks. At least fivm. beds of ore have been 
noted, of which the two lowest are the most important. These 
measure 50 and nearly 100 feet in thickness respectively, and their 
outcrops form conspicuous terraces surrounding the hill. The total 
quantity of ore available is considered to be practically inexhaustible. 
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About the year 1853 a blast furnace was erected by the East 
Indian Iron Co. at Palampatti (ll*^ 39' : 77° 49' 30") on the Cauvery, 
in order to work the Kanjamalai ores. The operations have been 
described by Sowerby (1679 — 6, 49). The capacity of the furnace 
was 5 tons a day, and the average yield of metal about 60 per cent. 
In 1903, however, a trial made in London with an average sample of 
the ore, and coal from the Sanctoria seam in Bengal, gave a yield 
of 39 per cent, only {see Dunstan, 514—7, 19), and the ore was pro- 
nounced to be unsuitable for blast furnace purposes. 

In addition to these groups of beds isolated exposures have been 
observed at the following localities : — 

Attur (11° 35' 30": 78° 40'). At the southern foot of Attur 
hill. 

Mallikarai (11° 34' : 78° 33'). A small but rich bed. 

Namagiripktta (11° 27' : 78° 20'). A small bed at the south- 
ern base of the Kheddamalai, to the N. of the village. 

Paithurmalai (11° 32' 30" : 78° 37'). Two good beds of ore.. 

Analyses of 16 samples from various localities in the district^ 
made at the*Imperial Institute {see Dunstan, 514 — 7, 12), show that 

all cases the ores consist of a mixture in various proportions of 
magnetite and hematite. The average results showed : — Fe^ 55-07 : 
S— 0-028 per cent. Two samples from the Kanjamalai contained 
0-30 and 0*62 per cent, of phosphoric acid respectively. 

The native form of furnace in use, and the process of smelting, 
have been fully described by King and Foote (988, 374) and by 
Holland (859 — n, 17). With regard to the manufacture of steel, 
Holland (86&-5, 146 ; — 11, 20) has shown that the process adopt- 
ed by the natives of Salem is essentially different from that in- 
volved in the making of wootz or crucible steel, as practised in Tri- 
chinopoly and other districts of Southern India. The Salem pio- 
cess consists in the de-carburisation of globules of cast iron, which 
are melted off in the ordinary proces.s of smelting wrought iron. 
The globules are pounded in a mortar in order to remove adhering 
slag, and are then smelted with charcoal in a small pit dug in the 
ground. De-carburisatibn is complete in about half an hour. 

Holland (859 — o, 149) has also discussed the question of fuel 
supply in the Salem district, and has shown that, with efficient manage- 
ment of the reserved forest areas, sufficient timber would be avail- 
able for the manufacture of about 1,500 tons of iron annually. 

Travancore. — Foote (696—25, 34) noticed abundant traces of the 
former existence of an iron smelting industry in the neighbourhood 
of Capo Comorin. The ore used was probably magnetic sand. 
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According to the reports of the State Geologists ( 298 , 20, 34 , 48) 
no deposits of iron ore of commercial value have yet been dis* 
covered. 

Turner (1819 — l) has given an account of the process of manu- 
lacturing steel at Udagiki (8° 14' 30" : 77° 24'). The iron, pre- 
pared in the ordinary way, is said to have been smelted in crucibles 
with bone ashes, and annealed 15 or 16 times. 

Trlchlnopoly.— Blanford (147—8, 216) mentions that ferruginous 
concretions collected from the Utatur and Arivalur (Cretaceous) 
groups were formerly smelted, but the industry is now extinct (B. 
347). 

Several beds of magnetic iron ore are mentioned by King and 
Foote ( 988 , 295) as occurring in the south-eastern portion of the 
Pachaimalat. These are 

(1) A large and generally rich bed stretching along the southern 
margin of the hills, and disappearing near the saddle connecting 
Yesanai hill (11° 17' 30" : 78° 51') with the main range. 

(2) A bed of poor ore along the ridge of Yelambaluk hill (II^ 
16' : 78° 56'). 

(3) A largi and generally rich bed, extending from Sandapukam 
hill(?) across the Kila Kanavai pass (11° 12' : 78° .52') to the 
northern spur uf Sattaramani hill (11° 10' : 78° 51'). 

The manufacture of wootz, or crucible steel, by the carburisation 
of wrought iron, as practised in the Trichinopoly district, has been 
fully described by Heath (799 — 3), Hunter (894 — 18 , 149), and, 
Holland (859 — ll, 21). The iron is placed in crucibles, made of a 
ferruginous clay and charred rice husk, with wood of the Avaram 
tree {Cassia auriculala) and leaves of Calotrofis gigantea or Con- 
volvulus laurifoUus, and sealed with clay. Tlie crucibles are ar- 
ranged in the furnace in batches of 25, forming a flat arch, and are 
subjected to a continuous blast for about 2 hours. The steel is 
.produced in the form of small conical ingots, each weighing from 8 
to 11 ounces (B. 352). 

The composition and properties of wootz are discussed in the 
following papers : — 

1795. Pearson (1377). Ascribes its properties to the pre- 
sence of a small proportion of iron oxide, dissolved in 
the mass. 

1805. Mushet ( 1277 ). Considers that its properties are due 
to imperfect reduction, and a larger proportion of 
carbon than in cast steel. 
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1818. Stodart (1708). Points out the suitability of wootz for 
the manufacture of surgical instruments. 

1819. Far^ay (565). States that specimens contain traces of 
silica and alumina. 

1820. Stodart and Faraday (1709). Describe attempts to imi- 
tate wootz by fusing an alloy of iron and alumina with 
good steel. 

1852. Henry (821). States that no trace of alumina could be 
detected in the specimens analysed. 

1870. Rammelsburg (1455 — l). , Gives analyses of wootz, and 
discusses its composition. 

1885. L. D’A. J. (916). Gives a brief history of the wootz 
industry. 

Vizagapatam. — Walker (1872 — 2 , 176) states that iron is smelted 
at a large number of places in the country occupied by the crys- 
talline schists. Magnetite-qnaitz schist was found near Monroi or 
(18° 46' 30" : 82° 23'); concretionary limonite near Malsama (19° 1' ; 
82° 18'); and compact limonite near B.\gciiua (19° 2' 30" : 82° 28' 
30"). The limonites are probably merely superficial formation-s. 
from which no great quantity could be obtained. 

A lode of rich brown hematite, forming the matrix of a breccia 
filling a fissure in the Kurnool (?) series at Chitra (19° 4' : 82° 30'), 
is mentioned by Ball (71 — 45, 360). llie ore has been mined for a 
distance of about a mile. 

Several localities in the neighbourhood of Narainapatam (1S° 
52' 30" 83° 14'), at which iron ore was formerly mined, are men- 

tioned by Vertue (1843, 271). 

An account of the iron inelustry in 1869 has been given by Car- 
michael (285, 154). Steel of excellent quality is said to be made at 
Madgul (18° 2' ; 82° 37'). 


MYSORE. 

The earliest accounts of the iron industry in Mysore were given 
by Buchanan-Hamilton (222 — i, \T)1. I, 170; and Heyne (834—2, 
44-, 358), both of whom described the opeu.tions of iron and steel 
making in the Bangalore and Chitaldroog districts. The steel 
{see also C. V. B., 52) was prepared in ciucibles, in the same manner 
as in Trichinopoly. The ore used was apparently a mixture of 
magnetic iron sand and lateritic ore. Ncwbold (1294 — 44 , 619 
refers to the abundance of iron sand in the hilly tract near Severx- 
DRtTG (Savandurga, 12° 55' ; 77° 21'), and mentions .several villages 
in the neighbourhood where smelting was carried on. Clark (321— 
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2, 120) mentions the ocourrencc. of magnetic and hcmatitic ores in 
the Baba Budin hills, in the Kadur district (B. 352). 

The iron resources of the province have recently been investi- 
gated by the State Geological Department, and a classification of the 
ores, drawn up by Smeeth, is quoted in the Quinquennial Review of 
Mineral Productions for 1909—1913 (862, 115). The observations 
arc summarised beldw 

Chitaldroog, Shimnga, and Tunikiir.— Two papers by Sambasiva 
Iyer (1548 — 5 ; — 7, 243) contain particulars of the iron industry in 
these districts. The ores are mainly derived fi-om two parallel 
ranges of hills, extending from the neighbourhood of Huliyar (13° 
35' : 76° 36') to the N. N. W. for a distance of over 30 miles. They 
consist of brown hematite, yielding from 25 to 59 per cent, of iron, 
with traces only of sulphur and phosphorus, and 2 to 3 per cent, of 
silica. They are worked in open quarries. The output of the native 
furnaces at Chik Bayalkere (13° 42' : 76° 35') and Dodkitta- 
DAHALLi (13° 56' 30" ; 76" 26') is about 7 tons annually. Steel is 
manufactured in crucibles at Gattihoshalli (13° 59' 30" : 76° 21') 
near 'Falya, in the Chitaldroog district. 

Kadur. — Baca Budin hills. Sampat Iyengar (1549 — o, 74) 
and Slater (1649 — 9, 54) have described the occurrence of massive 
bands of magnetite and hematite-quartzite in these hills. The 
bands are said to be sometimes more, than 500 ft. in thickness, 
and average samples yiekb'd 42 per cent. Pc. Two minor bands 
lying to the E. of Attioundi (13° 25' .30" : 7.5° 48') were found to 
contain 64-54 per cent. Fe. These were traced for a distance of a 
mile and a half, with an average width of 18 ft. 

'Ihe iron ores of this region have also been fully de.scribed by 
Smeeth (1652 — 17, 58), particularly those occurring in an area 9 or 
10 sq. miles in extent, in the neighbourhood of Vuujpakshikan 
HILL (13° 30' 30" : 75° 46' 30"). The quantity available, over an 
area of 3 sq. miles, was estimated at about 25 million tons within 
3 or 4 ft. from the surface, containing between 60 and 65 per cent, 
of iron ; and in addition about 60 million tons lying at about 6 to 
7 ft. from the surface, containing from 55 or 58 per cent, of metal. 
The amount of phosphorus ranges from 0-044 to 0-105 per cent., 
and sulphur occurs only in small quantities. 

Ubrani (13° 51' ; 75° 58' 30"). Slater (1649—5, 23) has noted 
the occurrence of strong bands of magnetic and chrome iron ore in 
diorite among the hills to the W. of Chilanhalli and Ubrani. These 
•^res have not been worked, but the iron furnaces at Ubrani are 
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supplied from beds of lateritic hematite found about 3^ miles to the 
S.S.W. of the village. Extensive deposits of similar ore were ob- 
served at a mile to the N.N.E. of Shidijarhalli (13° 48' 30" ; 75° 
52 '), and to the N.E. of Gangur (13° 51' : 75° 53' 30"). 

Mysore. — ^Malvalli area. Several outcrops of magnetic iron ore 
in this neighbourhood have been described by Evans (565 — l). The 
principal exposures are : — 

(1) Spur at S.. end of hill 6 miles to the 8.E. of Maddur (12° 35' 
30" : 77° 7'). Ore of good quality, about half a mile in length. 

(2) Hill 1 mile to the N.E. of Tippur (12° 30' 30" : 77° 11'). 
Ore of good quality. 

(3) About I mile to the N.E. of Husugur (12° 27' : 77° 12'). 
A line of low hills, containing ore of good quality, formerly smelted 
at Husugur. 

(4) Hills to the S.E. of Hullahalu (12° 25' 30" : 77° 12' .30"). 
Important beds of ore. 

(5) Hills E. of the Shtjmsha R. Outcrops extend from a point 
half a mile to the S. of KARALKArrr (12° 23' : 77° 17') to the Mal- 
valli-Kankanhalli road near Hulaggur (12° 25' 30" : 77° 17'). The 
ore is highly magnetic and of excellent quality. 

(6) Outcrops running from a point S. of CtiETANHAGLi (12° 21°' : 
77° 10' 30") in a S.S.E. direction to the left bank of the Cauvery R. 
The beds in places are of great thickness. 

(7) Half a mile to the W. of Gangana Chukki (12° 18' : 77° 13' 
30"). A vein of pure hematite at least half a mile in length, and 
about a foot in average thickness. 

Slater (1649 — 8 ) and Smeeth (1652 — 17 , 55) state that the ores 
in this area consiist of magnetite-bearing charnockites and granu- 
lites, and would require to be crushed and concentrated before 
smelting. Experiments showed that 2 tons of ore would yield 
about a ton of concentrates containing about 65 per cent. Fe. Ac- 
cording to Smeeth. there would be no difficulty in obtaining a million 
tons of ore. 

Sargur (12° 0' : 76° 27' 30"). Outcrops of iron ore were ob- 
served by .layaram (937 — 7 , 80), strongly developed in the char- 
nockite series near the village. 

Sbiniuga. — A list of localities where iron was formerly smelted is 
given by Slater (1649 — 7 , 51). The ores used were derived from 
magnetite-quartzites and from beds of hematite. 
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■ Tumkur.— Primrose (1431—8, 210) has given a description of the 
process of smelting, which is performed in large clay crucibles. 
The ore used is iron sand. 


NEPAL. 

Hodgson (849 — 3, 641) mentions an iron mine at CIokli Kiiaeak(?) 
in the valley of the Arun Kosi It. The output is said to be 
very large. 


NORTH-WEST FRONTIER PROVINCE. 

Itannii. — Iron ore is said to occur in abundance among the hills 
to the S.B. of Banmt (33° 0' : 70° 40'). The metal is worked up at 
Kalabagh into nails, cooking utensils, etc. (Baden-Powell, 6(1—1, 
Vol. I, 8). The ore appears to be an earthy hematite (B. 404). 

Bajaiir.— Kaverty (1463—2, 332) and Oliver (1332 — i, 5) men- 
tion the occurrence of iron ores in large quantities in the valley 
of the Panjkora E., especially in Baraul and in the Laspur 
and Janpaw AL hills. The iron is exported to Kabul, where it is said 
to be greatly esteemed. The ore is believed to be magnetic iron 
.sand (B. 404). 

Hazara. — A band of earthy, concretionary or pisolitic hematite, 
associated with felsitic breccia, was observed by Middlemiss (1219 
—17, 26, 286) on the N.E. spur of Sirban hill (34° T : 73° 16'). 
In places the band consists of good earthy hematite, 5 to 6 ft. in 
thickness, which would be useful as an ore if fuel were available. 

Waziristan. — Kaniguram (32° 31' : 69° 51'). The manufac- 
ture of iron at this locality has been described by Agha Abbas (15, 
588) and Verchere (1839 — 2, 20). The latter observer states that 
the ore is a highly ferruginous shale occurring beneath nummiilitic 
limestone, and that apparently limestone is used as a flux, though 
the actual operation of smelting was not witnessed. Specimens of 
the ore collected by Stewart {see Oldham, 1326 — 24) proved to be 
calcareous limonite, containing from 31-8 to 40-4 per cent, of metal 
(B. 403). 

Tochi valley. Smith (1657—1) noted the occurrence of concre- 
tions of very pure soft hematite in middle or lower Eocene sand- 
stone beds at Miran Shah (32° 68' : 70° 12'). The quantity 

available is said to be sufficient only for local needs. 
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PUNJAB. 

A brief report on the iron resources of the Punjab was compiled 
in 1883 by Oliver (1332—1). Iron ore is said to occur among the 
metarnorphic rocks of the sub-Himalayan group almost every- 
where between the Jumna and Ravi rivers. The want of fuel is 
said to be the chief obstacle to the development of the industry. 

Bashaiir. — Several ' iron mines ’ are marked in the Atlas of 
India near the village of Shele (31° 9' : 77° 43'). According to 
Medlicott (1197 — 5, 178), the ores are magnetic and micaceous iron 
occurring in metamorphic rocks. This is the locality alluded to by 
Gerard (647—3, 364). The mines, he says, are numerous, but are 
only worked during three months in the year (B. 405). 

Giirgaon. — The process of iron smelting at Firozpur (27° 47' 30" : 
77° O') was described in 1831 by A. E. (524—1). The ore used ih 
said to have been a mixture of brown hematite brought from llie 
Narnaul district in Patiala with lateritic hematite obtained locally. 
Twenty-three furnaces, turning out about 2 tons of iron daily, arc 
said to have been at work previous to the year 1836 (B. 406). 

Jhang.— .K irana hills (31° 58' ; 72° 45'). According to Fleming 
(591—0, 446; — 8) and Purdon (1443—1), the rocks forming tlie 
fCirana hills are traversed in places by numerous veins of white 
quartz containing layers of rich hematite. Heron, however, who 
examined this area in 1909, reports (830 — 2, 235) that the veins 
are few in number, and that neither the purity nor amount of the oie 
would justify exploitation. Specimens of the ore analysed by Picl- 
dington (1405—53; — 58) contained ; — Fe— 15-29 : SiOo — 11-22 : 
t'aC03— 65-14 cent, with a trace of manganese (B. 401). 

Kangra. — Some general information on the iron resources of the 
district is given by Gerard (651) and Paske (1371). A more detailed 
report by Marcadieu (1168 — I) gives particulars of the iron ores 
worked in the neighbourhood of Dharmsala (32° 14' ; 76° 23') 
They occur as magnetic particles disseminated through talcose 
.schists, and require concentration by washing before being smelled. 
The depo.sits near Bir (32° 3' : 76° 47' 30"), where about 100 furnaces 
w’ere at work, were considered to be the most promising. 

Similar deposits at Kohad (32° 5' : 76° 52') in Chota Bhagal have 
bq^en reported on by Warth (1892— 6)— (B. 404). 

Magnetic iron ores of the same character also occur in the 
valley, according to Cunningham (399 — 3, 205) and Marcadieu 
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(1168 — 3), Here the matrix of the ore is a dark micaceous schist. 
Marcadieu formed a high opinion of the value of the ores, and advocated 
the establishment of iron works at Bajauea (3F 51' ; 77° 13'). 

In the Spiti valley, Hayden (’ 783 — 0 , 102) has recorded the occur- 
rence of a band of red hematite among the Cambrian bcd.s about 3 
miles to the S.W. of Mutii (31° 57 ' 30" : 78° O'). In tlie absence of 
fuel, the deposit is of no economic value. 

Patiala.—According to Bose (173—21, 57), iron ore occurs in 
(Quantity at the following localities in the Narnaul district:— 

(!) Two or three bands of magnetite with hematite occur in a 
low ridge running south from Ciiiiapri (27° 56' : 76° 9' 30") to .Iait.v- 
PUR, a distance of 2| miles. The bands ;ivci'age 7 ft. in thickness. 
On analysis an average sample yielded :—Fe^ 57-42 : S-'- 0-15: 
P~0-42 ; SiO^— 9-38 per cent. 

(2) Near Dhanota (28° 0' 30" : 76° 4'). Hematite witli inagiio- 
tite in association with gneiss of a granitoid type. 

(3) SoHLA (28^ 15' 70^ 5' 30"). Hematite in avssociatiou with 

disturbed and crushed ferruginous quartzites occurs about a niile to 
N. N. W. of the village. 

Hirniur. — About the year 1880, a blast furnace was erected at 
Xahan (30° 34' : 77° 21') by the Raja of Sinnur, designed for an 
outturn of 50 tons, of pig iron a week. Rail (71 — 405) gives a 
l)rief account of the inception of the undertaking, but no report on 
its further progress appears to have been published, 'flie ore used 
is said to have been magnetite, probably mixed with specular ore, 
’brought from Chaita (30° 48' : 77° 25' 30"), 24 miles distant. The 
fuel and flux had also to be brought from a considorable distance. 

Iflane ( 145 , 61) states that iron ore is said to be found in great 
abundance near the great LAKA]Sir)i(?), auid is smelted to a small 
extent. It is said to produce about 25 per cent, of metal. 

RAJPUTANA. 

Ajmer, — Hacket (73(J— -4, 248) mentions some old iron workings 
near the jail at Ajmer (26° 28' : 74° 41'), and remarks that the pro- 
duction must have been very small (B, 396). 

Bhangarh (27° 5' 30" : 76° 21') and Rajgarh (27° 14' : 
6 41 ). -Iron ores occur in large quantities near the base of the 
Arvali series, according to ITacket (730 — ' 2 , 91 ; — 4, 248), and have 
een worked on an extensive scale. The ore from Bhangarh con- 
sists of a mixture of limonite and magnetite with oxide of manga- 
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nese, containing 59-67 per cent. Fe, and 12-7 per cent. Mn. The 
charges of the native furnaces are said to have been exceptionally 
large, producing blooms of 200 to 280 lb. in weight in 20 hours (B. 
396). 

In 1884 the ores at Rajgarh were described by Andresen (31) as 
forming a regular belt 500ft. in width, and extending for a mile 
and a half. The deposit had been excavated to a depth of 120 feet, 

Bundi. — Bhairompura (25° 31' : 75° 46'). Hacket (730—4, 
218) states that iron ore was being worked here in 1880, but gives 
no further particulars. 

.faipiir. — K arwar (26° 38' 30" ; 77° 6'). \n abandoned iron 
mine is mentioned by Hacket (730 — 4, 248). The ore is said to be ol 
superior cpiality. 

Ralalo (27° 5': 76° 16' 30") and Nimla (27° 4' 30": 76° 19'), 'Ph- 
presence of large quantities of hematite in the Raialo marbles near 
these places has been reported by Heron (see Hayden, 793 — 28, 19). 
The deposits occur in lines of lenticular masses, varying from iron- 
stained marble to nearly pure hematite. Bands of pure ore 7 to 
8 ft. in width vere measured. 

Raipur (27° 44' 30" : 76° 1'). Two vertical bands of massive 
hematite, varying from 3 to 15 ft. in width, were observed here by 
Heron {see Hayden, 793 — 31, 20). The bands occur in mica schist, 
and are traceable for 2 miles along the strike. 

Kishangarli.— Kanohria (26° 32' : 74° 56' 30"). An occur, 

rence of titaniferous iron ore, formerly smelted by the natives, has 
been brought to notice by Holland {see Vredenburg, 1854—8). 
The ore occurs abundantly in large well-shaped crystals, with quartz 
and calcite, in a broad vein traversing granitoid gneiss, about a mile 
to E. by N. of the village. 

}--Gancar (25° 3' : 74° 40'). Hacket (730—4,218) 

states that iron ore was being worked here in 1880, but gives no 
particulars of its mode of occurrence. 

UNITED PROVINCES. 

Kiiiiiaon. — Although much has been written on the subject of the 
wide diffusion of iron ores in the Kumaon division, and althougi 
more than one attempt has been made to establish an iron-smeltmg 
industry on modern lines, we are still without precise information 
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regarding the quantity of ore available, or its value from a commer- 
cial point of view. Several of the earlier travellor.s in the Hima- 
laya, -Hardwicke ( 765 , 341) in 1799. Traill ( 1797 - 3 , 158) in 1828, 
and Glasfurd ( 661 , 473), mention the prevalence of iron-smelting 
by the hill men, and give details of the process ; but Herbert (827 
250 ; — 10, ciii, cxxiv) was the first to describe the nature of the 
ores and their general distribution. 

Two classes of ores, of very difTerent ages, may bo distinguished 

(а) Bands of hematite, and disseminated grains of magnetite. 

associated with the metamorphic schists and lime- 
stones of the outer Himalaya, probably corres})onding in 
age with the Dharwarian rocks of the Indian Penin- 
sula. 

(б) Beds of hematite and lirnonite, constituting, as Medli- 

cot (1197 — 5, 178) and Middlemiss ( 1219 — 10 , 86) have 
shown, the more highly ferruginous portions of the 
bands of clay that occur in the lower part of the Nahan 
group, one of the divisions of the sub-Himalayan Ter- 
tiary system. It is not improbable that local surface 
enrichment of the ferruginous ^lay bands is the cause 
of the development of these masses of ore, and that 
they do not descend to any considerable depth. 

Between the years 1850 and 1871 the iron resources of Kumaon 
attracted much attention, and the following reports were drawn up 
for the information of Government : — 

1850. Beckett ( 94 ). Describes the ores in the Simalkhet 
area in Garhwal, and the operations of smelting and 
refining the metal. 

1855. Henwood (825 — i, 11). A general report on the mine- 
ral resources of the division. 

1855. Drummond (501 — 6). Gives results of an explora- 
tion for iron ore along the foot of the Himalaya. 

1855. Sowerby (1679 — l). Describes the occurrences of iron 
ore in the neighbourhood of Dechauri. 

1855. Watson ( 1900 ). A report on the Dechauri deposits. 

1856. Barratt (80 — l, 70). Gives particulars of newly dis- 
covered iron mines in Garhwal. 

1856. Sowerby (1679 — 2 ; — 3). Kesults of a detailed exa- 
mination of the iron ore deposits in the sub-Hirnalayati 
zone. 

1869-71. Lawder ( 1040 — 1 , 87 ; —2, 19). Cursory notes 

on specimens of iron ore obtained from various localities. 
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1871. Henwooi (825 — 3, 18). A summary of his report on 
the metalliferous resources of the division. 

The particulars given by Atkinson ( 18 , 28) are compiled from 
Beckett's and Lawdor’s reports. 

The areas mentioned are : — 

Alniora. — Dwara Haih — Stm.alkhet (29^ 47' ; 79'^ 29'). Veins 
of compact red hematite in clay slate, varying from 2 to 30 ft. in 
width. The veins have been traced for a distance of more than 
15 miles from S. to N. 

PoN.AAR valley (29° 31' : 79° 57'). Beds of massive brown 
hematite in clay slate, varying from 1| to 3 ft. in thickness. 

Oarliwal. — Nagpur pargana (30° 30' : 79° 15'). Numerous lodes 
of micaceous hematite associated with quartz. Some of the Iode.s 
are said to attain a thickness of more than 50 feet. 

Naini Tal. — Dhaniakot (29° 30' : 79° 31'). Mines have been 
worked at several places in the valley of the Kosila R. in this neigh- 
bourhood. The ores are usually specular or micaceous hematite, 
occurring in calcareous slates with thick beds of quartz. 

Ramgarii (29° 26' : 79° 37'). Several bands of micaceous honia- 
tite, varying in thickness up to 10 or 12 ft., one of which has been 
traced for a distance of 7 miles. The ores arc associated with talcose 
and clay slates. 

Sub-Himalayan zone ; — Bwapur, near Haldwani (29° 13' ; 70 
35'). Ore occurs in the joints of a bed of talcose clay 20 ft. thick, 
and in nodules. It is said to be of excellent quality. 

Dechauri (29° 22' 30" : 79° 23' 30"). Sandstone impregnated 
witli scaly hematite, extending to 20 or 30 feet in width. 

Jham, near Haldwani. Occurrence similar to that at Bijajmr. 

A bed of ore 3 to 4 ft. thick had been intersected by a pit. 

Loha Bhabak, near Kaladhungi (29° 17' : 79° 24' 30"). Two 
beds of argillaceou.s sandstone passing into brown hematite, 10 and 
12 feet thick respectively. 

The observations hitherto made on these ores appear to hav(.‘ 
been confined to an examination of the outcrops, and no thoroiigii 
sampling of the deposits in depth, such as would now be considered 
necessary to determine their real value, has been attempted. Prom 
a report made by Hughes (888 — K3) in 1874, it appears that speci)nens 
of the Ramgarh ores yielded from 42-93 to 61-33 per cent, of i’- 'R- 
Specimens from near Kaladhungi and Dechauri yielded 38-82 and 
55-13 per cent, respectively. 
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In 1856 a report on the feasibility of establishing iron works in 
Kumaon was drawn up by Strachey (1717—11), when Dechauri was 
recommended as the most favourable site for the purpose. In 1857 
the erection of furnaces at that place was taken in hand, under the 
direction of Sowerby, who subsequently published details of the 
experiments and of the plant in use (1679 — 2, 89 ; — G, 57). About 
the same time works which had been erected at Ktiurpa Tal (29'’ 
22' ; 79" 28') were taken over by a private company. 'I'hese two 
undertakings were amalgamated in 1862 under the title of tire North 
of India Kumaon Iron Works (Ltd.). A history of the operations 
has been given by Atkinson (48, 29), and the causes which led to 
the failure of the enterprise have been discussed by Oldham (1326 
— 2(5) and Warth (1892 — 9 ; — lO). A final attempt to utilise the 
iron ores of Kumaon was made, under the superintendence of Mr. A. 
Lampbell, in 1877 to 1879 ; but the expense incurred in the carriage 
of the siliceous ores from the Ramgarh area, which it was found 
necessary to add to the aluminous ores of Dechauri, led to the aban- 
donment of the works (B. 406). 

Mirzapiir.— K orchi (24° 5' : 83° 20'). Mallet (1159— r., 22) has 
recorded an occurrence of magnetite to the north of the village. The 
ore band is composed of alternate arenaceous and ferruginous layers, 
the latter being granular magnetite. 

The production of iron ore in the United Provinces is at present 
exceedingly small. During the five years 1909 to 1913, the average 
annual output amounted to no nrore than 24 tons. 

IRON OCHRE sec OCHRE. 

IRON PYRITES see SULPHUR. 

IRON SULPHATE see SULPHATES-IRON. 

JADESTONE. 

BURMA. 

.H.vitkyinit. — Tawmaw (25° 42' : 96° 17'). The mineral jadeite, 
a silicate of soda and alumina, has been worked for an unknown 
period at this locality and in the neighbourhood, mainly for export 
to China, where it is highly prized on account of its su])posi'.d magical 
qualities. The earliest description of the mines was published by 
Griffith (709 — 4, 87) in 1847. The stone, he says, is found in rounded 
boulders embedded in yellow or orange coloured clay, and is extracted 
from pits not more than 20 ft. deep. The revenue derived from 
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the mines in 183G, the year previous to his visit, is said to have 
been about Rs. 40,000 (£2,666). The mines are also mentioned 
by Hannay (760 — O, 11 ; 1886, 266), but he does not appear -to have 
visited them (B. 518). 

After the annexation of Upper Burma the mines were visited and 
described by Noetling (1311 — 8, 134 ; — 10 ; — 2.3), who observed 
that in addition to the bouidu' deposits seen by Griffith, jadoite 
had been d'scovered in situ in a dark coloured serpcntinous rock,, 
intrusive in Tertiary (probably upper Miocene) sandstones and 
clays. 

More recently (1907), a full description of the geology of the area, 
and of the mode of occurrence of the jadeite, with remarks upon the 
petrology of the rocks associated with it, has been given by Bleeck 
(164 — 1 ; — 3). The mineral is shown to occur as a compound dyke, 
consisting of jadeite and albitc with an outer border of amphibolite, 
intruded’ into serpentine under conditions of high compression. The 
jadeite occupies the centre of the dyke, and is of a pure white colour, 
with included green patches of varying shades, which are the por- 
tions sought for. 

Boulders of jadeite are also quarried from Tertiary conglomer- 
ates at Hvvek,^ (2.6° 29' : 96° 20'), and from the alluvial deposits of 

the Uru (Uyu) R. near Mamon (25° 36' ; 96° 18'). Their occur- 

rence in the Tertiary beds proves, as Bleeck points out, that the 
jadeite intrusions belong to a far earlier period than that assigned to 
them by Noetling. 

QThe mincralogical characters of the jadeite of Tawmaw, and of 

the rocks associated with it, have been discussed by Bauer (88 — i ; 

— 8), Krenner (1013 — l; — 2), and Fischer (686 — l ; — 3). Analyses 
of the mineral have been published by Damour (413' — 1 ; — 3), 
Farringlon (566), and White (1982). 

The average annual production of jadeite in Upper Burma, 
during the five years 1909 to 1913, amounted to 2,109 cwt. In 1914 
and 1915 the amounts produced were 3,764 cwt. and 3,692 cwt. 
respectively. 

CENTRAL INDIA AGENCY. 

RewalK— PirPA (23° 58' 30" : 82° 45'). According to Mallet 
(1159^ 5, 20), bands of hornblende rock passing into jade are asso- 
ciated with the corundum quarried at this locality. 

MADRAS. 

Arcot (S.). — A mineral resembling jade is mentioned by Les- 
chenault de la Tour (1062 — 1, 333) as occurring about 2| miles to the 
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W. ot TlBNAVALOtm (TiRXJVANANAIiTJS, IP 61' 30" : 79° 25^ 30"), 
tjje roa44rom Pondicherry to Salem. The rock is described as of R' 
beiutiful apple green colour mottled with red and greyish patchea^ 
and* is said to take a high polish. In another place (106S— 2, 2i3)„ 
the mineral is referred to as jasper. 

TIBET. 

Cohen (838) and Bauer (88 — 3 ; — 6) have described the min- 
eralogical characters of specimens of jadeite brought from Tibet., 
They probably occur as boulders in alluvial despoits, but the locality 
from which i^ey come is not known. 

TURKISTAN. 

The celebrated jade mines situated in the Karakash , valley,’ 
about 20 miles to the S. E. of Shahidulv (36° 20' : 78° O'), have been 
described by H. v. Schlagintweit (1578 — IT) ; — 17 ) and Stoliozka 
(1712 — 27 ). The jade is associated with a white, coarsely crystalline 
mineral resembling albite, but infusible before the blowpipe, forming 
veins in mica and hornblende schists. The colour varies from 
white to pale and dark green. The pale green variety sometimes 
attains a thickness of 10 ft., but is greatly fractured in all directions. 
The quarries had been abandoned since the year 1864 (B. 517). 

An analysis of jade from the Kiicnlun mountains has been pub* 
libhed by Allen (84). 

JASPER see under GEM-STONES. 

KANKAR see under BUILDING MATERIALS. 

KAOLIN and POTTERY CLAY. 

The following notes refer only to the finer varieties of clay, suit- 
able for the njanufacture of chinaware or art pottery. The coaJrset 
kinds of clay, so largely used by the native potters for making un- 
glazed cooking utensils, water jars, and the like, are to be found in 
the immediate neighbourhood of nearly every village throughout 
India and Burma, and require no further notice. 

ASSAM. 

Hannay (78G-— 5, 336) gives a brief account of the principal 
deposits of white clays in Upper Assam. Extensive beds of pure 
kaolin were seen on the Dora R. (27° 64' : 96° 20') in Lakhimpur' 
(see aho Dalton and Hannay, 408, 91). Fine white clays are alsOf 
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mentioned as occurring at the falls on the Nambor R. (26° 24' : 93® 
50') ; on the Dhansiri R. , and at Bor Pathar (26® 17' 30" : 93® 56') 
in Sibsagar. 

Garo Hills. — Bedford (98 — 2, App. ii) records the occurrence of 
pipe clay in the hills near Domalgiri (25® 32' : 90® 10' 30") and 
Mahendraganj (25® 17' 30": 89® 55'). Medlicott (1197—33, 61) 
iind La Touche (1034 — 8, 42) found that beds of indurated white 
clay are widely distributed through the western portion of the hills, 
occurring in seams of 2 or 3 ft. in thickness near the base of the 
Cretaceous series. 'They are largely developed at Tura (25® 31' : 
90® 17'), where the clay is used for white- washing |^B. 567). 

BENGAL 

Bankura. — Homfray (866 — 2) notes the occurrence of white 
porcelain clay at the foot of the hills south of the DaTuuda R. near 
Malliari (23® 28' 30": 87® 17'), and on the road to Bankura (23® 
14' : 87® 8'). Kaolin resulting from the decomposition of felspar 
porphyry was also observed by Ball (71 — 46, 112) on the Bankura 
road, about 7 miles to the S. of Rajiiganj. 

Biirdwan. — (lays derived from the Damuda coal measures Lave 
been used with success at pottery works in Raniganj for the manii- 
facturc of earthenware, tiles, drainage ])ipes, etc., (B. 565). 

Darjeeling.- -Some of the Daling slates, according to Malh^t (1159 
— 6, 90), decompose into a wliite clay wliicli might be used for })ot- 
t(Ty. It is said to occur in quantity near tlie jjiouth of the Sukkau 

81’RUAM. 

A bed of kaoliji, about 6 ft. thick, met with in excavating (lie 
site for the European hospital at DAurKELiNO, has been speciallv 
desci'ilxal ])y Mallet (1159 ----31, 58). A small sample, wJion iesUai, 
fused to a transparent white enamel. 

BlilAR AND ORISSA. 

BliagJilpur. — CoLGONG (25® 16' : 87® 18'). A report on tlic, clays 
of this neighbourhood, drawn, up in 1861 by It. F. BlaniVrd. is 
quoted by Stuart (1723 — 3, 142). They occur in two isolated lulls, 
rising abruptly fronr th.e alluvium on the right bank of the (•atifu's 
at IvARDinj and PATAHonATTA, a few juiles below (Jolgoug. Tlic 
principal bod of kaolin, which is found near the base of the liiils, hrs 
i)cen formed directly by the dveco]n]}Osition of the underlying gneio, 
and ranges in thicknes,*^ froni 40 to 100 ft. The upper ]>orth)n of t}c‘ 
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hilla, which rise to heights of 400 and 180 foot respectively, is made up 
of • alternating beds of clay and sand, all of which would furnish 
materials for pottery making. The thickness of fine clay is esti- 
mated at about two-ninths of the whole thickness exposed. 

An analysis of the kaolin from the baso of the hills gave the 
following result: — Water and organic matter = 14-00 : Si02= 
57-00 : Al 203 -= 39 -ll : CaC03-l-42 : MgO=l-2l : NaaO and K 2 O-. 
1-26 per cent. 

Pottery works were established in 1860 at Patarghatta by Mac- 
donald, but were closed on hi.s departure in 1864. The articles 
produced arcs said to have Ixieii of the highest (.piality, including 
table ware, porcelain for scientific purposes, etc. ; but no record of 
the operations appears to have been publislied. 

t!Httacli.--BlaDford (148—2, 2 79) mentions tlie occurrence of 
beds of ^vhito clay in the Rajniahal group at Kukker (Kakari, 
20^ 30' : 85° 50') and Naraj (20° 28' : 85' 50'), on the hanks of the^ 
Mahanadi. The clay was used for dressing leather and as white- 
wash. Stirling (1706, 178) niention? similar clavs in the neighbour- 
hood of Khurda (20° Jl' : 85° 11'), to the sout.h of the Mahanadi. 

Beds of white lithomarge occur in places, according to IJlanford 
{I, 0 .) beneath tlie coastal latoritc, but are apt to 1)0 stained by 
ferruginous matter (B. 5(!1). 

MiUiblmnR— Inpnire kaolin, resulting from ^thc doconi])osition of 
granite veins and gneiss, occurs in considerable (juautity, according 
.to Ball (71— 112). The abundance of kaolin in this and the ad- 
joining districts is also alluded to by Hewitt (833, 119). 

Ma.viiililraiij. — The clays underlying the latfMMte ahoiit Hxbipada 
( 21° • 50' : 80° 17') are slated by Bo.se (173 — -0, 172) to be well 

suited for ]'>ottery mahing. A sample tested by Viadenburg bo- 
canie intensely hard without fusing, and assumed an agreeahle terra 
(‘otta colour. 

Sanial Pargaiuis.--KAJ.M.\HAL iiini.s. la J831 , Buclianan- 
HaRiilton (222 — lu, 2) <lrcw attention to tlie abundance', of white- 
pottery clays obtainable in tlie Rajmahal hills. Thi’; most import- 
ant depo.sits are said to occur at KnAuiiwjj.vid^), neai' the south 
end of tlie range, and in th<‘ neighboui'hood. Tins iecahty, as well 

LonARiA (? Louandja, 25° 3' : 87° 20') is also imadioncd by 
Oldham ( 1826 — c, 281). 
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More recently (1907-08) an examination ot these deposits was 
made by Stuart (1723—3). The clays were found to occur in three 
ways 

(a) As the decomposition product of felspar in the fuiida- 

mental gneisses and schists. 

(b) In white Damuda sandstone, resulting from the decom* 

position of felspar originally present in the sandstone. 

(c) Beds of white clay interbedded with the Damuda sand- 

stones. 

The more important deposits of class (a) were seen at : — 

Dodhani (24^ 16' : 87^ 27' 30"). Bed more than 10 ft. in 
depth and 30 ft. in width. 

Kara^^puk (24^ 19' 30" : 87" 27'). Bed over 6 ft. in deptln 
but becoming less pure below this depth. 

Katangi (24" 28' : 87" 29'). Bed over 15 ft. in depth, exposed 
for a hmgth of 50 yards. 

Smaller exposures were seen ^near liAGMARA (24" 38' : 87" 2V 
30"), Bhukha'n.da (24" 20' : 87" 24'), and in a stream bed near Raja- 
BHITA (24" 41' : 87" 29'). ^ 

A sample from Dodhani contained : — SiOo-rol-o : Al 20 ;^~ 39-6 : 
H 20 “- 5‘9 per cent. When tested, the clay withstood a temperature 
of about l,r) 00 "F. without fusion. 

Clays of the second class ( 6 ) are found wherever the Damuda 
sandstotuN^ arc exposed along the western margin of the hills, espe- 
cially in the Hiira, Dliamni, and Chuperbliita coal fields. The most 
conveniently situated locality is Mangal Hat (25'"^ 6 ' : 87" 50'). 
whore tlie clay extracted from the sandstone by crushing and wash- 
ing is used by the (,'aleutta Pottery Co. 

The third form of clay (c) is found a quarter of a mile to the VV. 
of PiARAM (25" 0' : 87" 27') in the Hura coal field, where it forms a 
bed 4 to 5 ft. in thickness, and to the B. of the streams by Hura (21" 
69' : 87" 27'). A sample from Piaram contained Bi 02 — 59*5 : 
AI 2 O 3 — 39-1 : Alkalies and loss^M per cent, 

BOMBAY. 

RcM'a Kaiidui. — Clays suited for the manufacture of high class 
pottery are stated by Bose (173 — 23, 186) to occur in the Tertiary 
beds exposed in the Jhagadia and Valia Taluks, Rajpipla State. 
The best specimens were met with to the W. of Damlai (21" 42' : 73 ' 
16' 30"). 
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BURMA. 

Henzada.— Some of the upper beds of the Numnnilitic group 
consist mainly of china clay almost fi-cc from iron, according to 
Theobald (1763 — 16, 341). A sample from near Enreingon (17° 59' : 
95° 10') was found by Tween to contain 76 per cent, of kaolin and 
23-4 per cent, of silica { 1 . c., p. 294). 

llorgui. — Heifer (808— 35) records the occurrence of a consi- 
derable layer of kaolin on the bank of the Tenasserim K., four days' 
journey above Tena.sserim (12° 5' : 99° 3') -(B. 567). 

CENTRA!. INDIA AGENCY. 

(rlualior. — Kaolin (piarries at Amri (26° 3' : 78“ 16' 30") are 
mentioned in a re]>ort on the g‘'()logy of Ewalior submitted by 
Jones {see La Touche, 1034 — 3l>, 1 13). 

Reuah.- The white clavs noted above under the heading FIRE- 
CLAY, ils occurrinj^ \n tho iipighbourliood of Umakta, are well suited 
for tlie luamifacture of pottery. Their mode of oeeiirrenee and pto- 
perties have been described by Mallet (1159 —* 32 , J 12). 

CENTRAL PROVINCES. 

Jiibbulpore. — Mallet (1159 — *32) has described tlie occurrence of 
white clays in the neighbourhood ol JruBuueoKr: (2;V IT : 80'' O'), 
^where they ai*o iiiterslratitnal with upper (Jondwana sandstones. 
In places the beds of pure clay an' from -1 to 5 ft. in tliicknoss, and 
they cover a wide area, <ispecia]ly near Chota Simla. Samples 
when exposed for an hour to a white heat wtu(^ found to be ({uite 
infusible, and to have become intensely haid. The composition 
was: — Si02— IG-OO: AloO^— 40*77 : Loss on ignition --K3-2ri per cent. 

About the year 1890 pottery wmrks weri^. establishe»l at Jnbbul- 
pore by Messrs. Burn & Vo. of (VUeutta, and moin^ recently by the 
Perfect Pottery Co. 

Raipur*— White shales associated with the Cliaudarpur sand- 
stones at Murkatola (20° 19' 30" : 81° 38') arc largely used locally as 
wliite-wash, and are considered by Bose {see Uricsbach, 708---31, 
39) to be suitable for pottery making. 

MADRAS. 

For a general account of the manufacture of high class pottery 
*n Madras, reference may be made to an article by Chisholm (311) in 
the Asiatic Quarterly Itedciv. 
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Arcot (N.). — Patches of kaolin, derived from the decomposition 
of felspathic gneiss, occur in several places, according to Foote 
(696 — 20, 207), but are not sufficiently extensive to he workable, 
A siipph' of pure water would also be difficult to obtain. Hunter 
(894—1) mentions the occurrence of a bed of this description at 
Paupantangalam, near Argot (12° 54' : 79° 23')— (B. 563). 

Arcot (S.) — Blanford (147 — 8, 213) has noted the occurrence of 
fine plastic clay in the Cuddalore beds south of the Gudalam R. 
opposite Pankoti (11° 46' 30" : 79° 37'). The clay contains 

all quantities of lime and iron, giving it a pinkish tint, which 
oecontcs dai'ket' on burning. Kaolin was also found in a well at 
SnyxoALAM (12° 4' : 79° 46')— (B. 562), 

€tiiiigle|)iit. — White clays and sliales are extensively developed 
in the Rajmahal series, according to Foote (596—8, 132), especially 
near SiupKPAiA'ruR (12° 58' : 80° 1') and in the valley of the Attram- 
cGu. The Madras .School of Art fortnciiy obtained .a 
supply from a deposit at Coopgm, near Pertimai.put (PERUMAncv- 
PAULA, 13° 7' : 80° 3'). .Hunter (894 — 1) has given an account of 
experiments in pottery making carried out at Chingleput (12° 42' : 
80° 2')-(B. 563). 

Ooilavari.— Benxa (110—4, 51) states that patches of porcelain 
earth are found in the alluvium of the Godavari near Ra,tamaiiex- 
DRi (17° 0' : 81° 50'), and are used in the* manufacture of fine 
pottery, much esteemed all over India. 

Biilgiri. — Benza ( 110 - 1 . 421 ; — 3, 248) mentions the occur- 
rence of thick beds of procelain earth in the neighbourhood of Don.v- 
BETTA (11° 23' : 76° 48'), derivcxl from the decomposition of peg- 
matite veins. 

South Kaimra. — 'I'he discovery of an e^ftensive deposit of pure- 
porcelain clay on the Bular R,, a few miles to the N. of Mangalore 
(12° 62' ; 74° 53') w'as reported in 1842 by Christie (313 — 2). The 
deposit is also meiitionqd by Bushby (246)— (B. 563). 

Triehinopoiy. — The Cretaceous formation contains several beds 
of fine clay well adapted for the manufacture of pottery. The 
following localities are mentioned by Blanford (147 — 8, 212) On 
the slope of the high ground S. E. of Vemmany (U° 14' ; 79° 7'); also 
at CooTHOOR (11° 13' ; 79° 9' 30") and Utacoil (11° 11' 30" : 79° 10'). 





KAOLIN. 


A thick bed of pipe clay was also observed between Perany (ll*^ 
6': 78° 66') and Kauray (11° 8': 78° 56' 30")— (B. 562). 

Vizagapatam. — King (987 — 33, 156) mentions the occuitence in 
wells near Vizianaoram (18° 7' : 83" 28') of partially decomposed 
felspar or ' Cornish stone.' Samples tested by Mallet were re- 
duced at a white heat to a semi-fused condition, the colour after 
cooling being pure white. 


MYSORE. 

Bangalore. — Campbell (272 — 7) .states that a bed of white kaolin 
earth is usually found between the red surface soil of the Mysore 
tableland and the underlying hornblendic granite. It is said 
extend from Bangalore (12° 58' : 77° 38') to NAKinmuro (13° 22' : 
77° 46'), and to be ' several feet thick in places. The clay was 
found to answer well for making crucibles, when mixed with an 
equal quantity of powdered quartz (B. 563). 

Venkataramaiya (1838 — 4) has reported on a deposit of this 
nature at Tinnalu (13° 4' 30" : 77° 37' 30") The bed of clay covers 
about 42 acres, but its thickness is not great. It is said to be suit- 
able only for brick making. 

Cliitaidroog. — Red and white mottled clays are largely quarried 
in the .lagalur Taluk and near Chitaldrooo (14° 13' ; 76° 27'). The 
clays, being free from grit, are considered by Sanipat Iyengar (1549 
— 1, 92) to be suitably for the manufacture of high class pottery. 

Mysore.-^Bambasiva Iyer (1548 — ii, 38) mentions the occur- 
rence of large quantities of kaolin at Melkote (12° 40' : 76° 42' 30"), • 
and gives details of the native methods of preparing it for the market. 
The clay is derived from the decomposition of muscovite gneiss, 
traversed by felspathic dykes. 

NORTH-WEST FRONTIER PROVINCE. 

Hazara. — According to Middlemiss (1219 — 17, 287), kaolin is 
reported to occur in the higher parts of the Khagan valley, in Upper 
Hazara, but nothing is known regarding the extent of the deposits. 

PUNJAB. 

In a monograph on the pottery and glass industries of the Punjab, 
Hallifax (741) states that the clays used are usually obtained locally 
from the alluvium of the plains. Details of the manufacture of white 
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pottery at Multan (36° 12' : 71° 32') are given. Much informa- 
tion on this subject has also been given by Baden-Powell (80 — l, 
Vol. II, 220). 

DelhL — Kaolin has been quarried to a small extent at Kashm- 
PUB (28° 33' 30" ; 77° 13'). According to Haclcet (730—4, 219) the 
kaolin is derived from granite veins in the Arvali series. The clay 
was used for white-washing and as fire-clay (B. 666). 

Simla. — Pottery clays, resulting from the decomposition of lime- 
stones associated with carbonaceous slates, are described by Old- 
ham (1324 — 21, 1.63) as occurring on the spurs, of the hills ruiming 
north from Simla. They have been used for the manufacture of 
bricks, tiles, and coarse pottery. 

R.4JPUTANA. 

Jaipur. — Jlacket (730—4, 219) mentions a deposit <'f kaolin at 
Buchaba (27° 33' ; 70° 2'), but give.s no details. 

Heron (see Hayden, 793—28, 19) has lecorded the existence of 
beds of kaolin at two localities : — 

Rasnu (20° H' 30" ; 70’ 38'). A bed of kaolin about 20 yds, 
wide, white but rather impure, banded with (jiiaitzOe 

At the northern end of the Laksot hills, chiefly near Daraoli (20 
65' : 70° 68'). Two beds .separated by (jii.irtzite. Tlie up]»er bed 
consists of white and fairly pnic clay, slightly iiioflled with pat- 
purple and pink, 

UNITED PROVINCES. 

Furrnkliabad. — About the year 1838 potteiy woik.s weiv estab- 
lished at Fatehcabii (27° 22' ; 79° IT) by Mr. .feffrt'vs, and ajipear to 
have met wdth considerable succe.s.s. The only jmblishod reroid oi 
these works is contained in a hdter by J. ('. Pyle (1445), and m 
a list of tlic articles •manufactured, by W. Pyle (1446). Those in- 
clude tableware, stoneware, fire-bricks, glazed tiles, etc. {B. .600). 

KIESEPvITE .see SULPHATES— MAGNESIUM, 

KYANITE sec under GEM-STONES. 

LANGBEINITE see POTASH SALTS. 


LAPIS LAZULI see under GEM-STONES. 

LATERITE see N«rfer BUILDING MATERIALS BAUXITE and IRON. 
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lead and SILVER. 

AFGHANISTAN. 

Drummond (504 — 2, 91) mentions the occurrence of lead ores 
in the districts of the Hazara Jat, Ghorband, Wardak, Bangesh, 
and the Safed Koh. 

Griesbach (708 — 4, 57) states that lead ores are common in 
many localities in southern Afghanistan, occurring near the boun- 
dary of the Cretaceous limestones with igneous rocks. Galena is 
said to be brought from the Shah Maksud range (31“ 50' : 65' 15') 
and the Tirin valley (53° 0' ; 66° 40'), and to occur in quantities 
in the Hazara Jat. In another ])aper (708—21, 77), Griesbach men- 
tions the occurrence of traces of galena near Ursuk (33° 39' : 68° 48°) 
and ZANAKiiANf?) in Kharwar. 

An ancient lead mine at Fauan.tal (35° 0' ; 68° 44') in the Ghor- 
band valley v'as described in 1838 by Lord (1091—2, 5S:^). The 
workings arc said to be very extensive, and to be laid out with 
considerable skill. The ore was believed to occur in a schistose 
layer at the junction of quartzites with overlying conglomerates ; 
but according to Collins ( 343 ), who visited the mine in 1893, it 
occupies a large fissure vein filled with breccia, traversing lime- 
stones and shales probably of , t-arboniferoiis age. Samples of the 
ore yielded on assay 08 per cent, of lead, and H oz. of silver per ton of 
l(‘ad. v> 

Cragmeuts of galena w<u‘e also }K)t(‘d by Lord in the Ghorband 
valley below Kinchak (35"^ 3' : 08'^ 51'), but were not found in sitn 


ASSAM. 

Bor Kaiiiti. — iSpeciniens of argentiferous galena from the Bor 
Ivainti conntry, lying to the E. of tipper Assam, are mentioned by 
ilaclaren (1134 — 2, 181). The ores probably occur iiu crystalliuo 
liinestone. 

BALl'CmSTAN, 

Saindak (29^ 16' : (yV 33'). Vredonburg (1854~~i, 293) men- 
tions the occurrence of galena, associated with carbonates of copper, 

feins traversing volcanic tulTs and shales and limestones of upper 
Eocene age. The veins are seldom more than a foot in width, and 
contain galena only at the widest parts. 

jiialawan.— S hekran or Kappur (27"^ 53' : 66"" 28'). Exten- 
sive mines of lead and antimony ores at this locality are mentioned 
by Masson (1189—2, 55), who says that 200 men w^re constantly 
employed in extracting the ore. When visited by Cook Gee Hughes, 
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883 , 81), the iTiines had been deserted, but large quantities of slag 
were seen. According to Tipper (1787 — 5), the mines are situated 
in hard blue Liassic limestones and in rather softer beds of middle 
Jurassic age. The chief ore is cerussite or carbonate of lead. 
No silver was found in the slags. As fuel is scarce, the ore could 
not be smelted on the spot. 

Le Messurier (106&~l) refers to the ore as sulphide of antimony, 
and says that it occurs in cubes of an incli square. The lead ore 
was considered to be of inferior quality and small in quantity (B. 
302). 

BIHAR AND ORISSA. 

A summary of the information available regarding the distri- 
bution of lead ores in (1iota Nagpur was compiled in 1891 by King 
and Pope (989, 95). 

Bhagalpur. — The following localities are mentioned in the ' Econ- 
omic Manual ’ (B. 288-290) : — 

Duiujoh (21° 41' : 86° 47'). A sample of galena from ni'ar 
the surface is said to have yielded 71 per cent, of lead 
and 42 oz, 3 dwt. of siher per ton of lead. A mine was 
opened in'j879, but no particulars of the working me 
available. Lead ore is said to occur also at Oonoua, 
Karda, and Kejuria, in the same neighbourliood 
Samples from the last named locality yielded 12 per 
cent, of lead, and 46 oz. 4 dwt. 3 gr. of silver per ton iA 
lead. 

Gaurirur or Phaoa (24° 49' 30" : 87° O'). A shaft was sunk 
here in 1878 on a vein of lead ore to a depth of about 
30 ft. Three samples of the ore yielded on the average 
71*7 per cent, of lead, and two of these arc said to have 
* contained 58 oz. and 103 oz. 2| dwt. of silver per ton 
of lead respectively. 

Kharikhar (24° 50' : 86° 52'). A specimen of galena from 
this locality contained 52 oz. 8 dwt. 14 gr. of silver 
per ton of lead. No account of the extent of the 
deposit has been published. ^ 

Hazaribagli. — Fragments of cerussite are reported by Mallet 
(1169—7, 35) to have been found near the villages of Mehandaoi 
and Barhamasia (24° 20' : 86° 18') ; also near Khesmi and Nauwa- 
BIH (24° 24' : 84° 26'). 

Galena is said (B* 292) to have been found in the copper mine 
at Baraounda (24° 6' • 86° 7') ; and Mallet (1189 -7. 34) ioutid 
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traces of galena disseminated through a vein of garnet and coccolita 
in the Patru stream, to the N. E. of Guloo (24*^ 24' : 86° 25' 30"). 

Hisatu (23° 59' 30" : 85° 4' 30"). The existence of lead ore at 
this locality was discovered in 1777 by Motte and Fartiuhar (see 
Heatly, 801. 554). In the Statistical Account of Jleugal (896 — 2, 
Vol. XVI, 164) it is stated that the deposit was worked for antimony 
towards the end of the century. In 1812 the mine was re-dis- 
covered by Ouseley (1349 — 4), who sent specimens of the ore to Cal- 
cutta, which were analysed by Piddington (1406—13; —23). They 
^vcre found to contain 47-02 per cent, of lead and 4 7 per cent, of 
antimony, but no trace of sll\er was detected. The nature and 
extent of the deposit do not appeal to liavc been ascertained (B. 
293). 

NyaTANP (24° 30' : 85° 46'). A lead mine at this yilace is indi- 
cated on SherwiU's map of Bengal (1625 — ll), but no particulars 
are known (B. 292). 

Paeseya (24° 10' : 85° 51'). Large rolled masses of vein stuff 
with galena have been washed out of the alluvium of the river near 
the village, but no traces of the. ore in situ have been found (B. 293). 

.Ilanbliiim. — Ball (71 — 8) has Recorded the discovery of a vein of 
galena in a hill situated close to the village of Dekia, about a mila 
to the E. of Duapka (22° 48' : 86° 34'). 'Ihe ore occurs in lenti- 
cular masses 5 or 6 inches in length, surrounded by brown hematite 
and quartz, in what appears to be a true lode traversing mica schists. 
On analysis specimens of the ore yielded 79 per cent, of lead, and 
from 76-34 oz. to 119 oz. of silver to the ton of lead (B. 290). 

This deposit, with others of the same character at Kushroni, 
Jhanwhore, Latap.vrah, Lew-shai, Parapa, Giivgra, and Nan- 
NAH, were thoroughly prospected by Messrs. Mackinnoii, Mackenzie 
& Co., of (.'alciitta, in 1904 and 1905, and were found to be mere 
pockets of ore. From a similar deposit at Beldi (22° .56' 30" : 
86° 21' 30") 267 tons of ore were extracted, which yielded 91 tons 9' 
cw't. of lead, 4,716-15 oz. of silver, and 86-04 grs. of gold (862, 126). 

llonghyr. — Sherwill (1624 — 2, 206) mentions the discovery of a 
vein of argentiferous galena at the base of the Kharakpur hills, but 
the exact locality is not know'ii. The ore is said to be rich in silver 
(B. 290). 

Palamaui — Weathered fragments of galena are said to have been 
picked up on the surface near the village of Barikhap (23° 52' 30" : 
84° 52' 30"), but the mineral has not been found in situ (Ball 71 — 32^ 
125^ ; B. 294). 
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Ranchi. — Sili (23° 21' ; 85° 54'). Fragments of galena from this 
neighbourhood are preserved in the Geological Survey Museum, but 
no further particulars are known (B. 294). 

Shnibalpiir.— Jhuman (? Jumari, 21° 32' 30" : 83° 51'). The 
■discovery of a vein of galena in the bed of the Maiianadi R. at this 
place has been recorded by Ball (71 — 29, 191). The ore occurs in a 
vein of quartz, 16 to 19 inches in width, traversing granitoid gnehss, 
and in places occupies the whole width of the vein. A length of 
about 6 ft. was exposed by excavation. The galena contained 12 oz. 
5 dwt. of silver per ton of lead (B. 295). 

Tali'Ucuia (21° 56' ; 81° 5'). Rolled pebbles, consisting of a 
niixtui'e of the oxkb'S and carbonates of lead, have been found on 
the surface to the .south of the village, and may have been deriv< I 
■from a small hill lying to the north (Ball, 71-«-29, 192). 'I'he s))eci- 
mens yielded 87-2S per cent, of lead (B. 295). 

Santiil Ibirganiis. - Ak \sr or PANCii Bumr (21° 37' 30" ; 87° 15') 
A vein of lead ore is marked in this position on Shei will’s map ot 
Bengal (1625- it). .Vceordiug to Md klland (1117— 32), the em 
■occurs in small eiyst.ds in a decompo,sing bed of (piarlz and li- 
nolite, coiustituting about 2 ])er cent, of the mass. Buchniuin- 
llamillon (.sy’c Martin, 1181. Vol. II, 188) describes the ore as sul- 
phide of uiitiinony, and says that on excavation a vein ^ in. in width 
wa-' met with. Sjieeimen.s are stated by Jones (956—2, 282) to 
yield 60 per cent, of load. 

Bairuki (21° 35' ; 86° l(i'). The copper ores at this place -wen' 
found by Piddington (1405 — tl, 10) to bo associated wdth gahsia 
and cnpro-plumbite. Ko .silver wa.s dHected in tlie galena, but in .i 
later paper (1405 -t7) Piddington say,s that he obtained 151 grs. of 
silver from 11 lb. of the copper ores. An assay of the galena quote! 
by Ball (71-'ij, 287) gave 82^25 per cent, of lead, and the equi- 
valent of 35 oz. 14 clwt. of silver per ton of lead. 

Aciording to Barratt (80- -2, 8), the deposit of lead ore is dis- 
tinct frop that of the copper, and is situated 60 fathoms^ to the 
■south of the latter (B. 287). 

Sankkra T,,s (21° 18' ; 87° 22'). A deposit of lead ore is iiidi 
cated here on bherwill’s map of Bengal (1625—11), but the exact 
locality is not known. Ball suggests that it was situated in the 
Cliandrapahar (silver hill) to the S. W. of the main mass of the hills 
(B. 286). 

Tup.1 or Tiur PahajI (24° 30' : 86° 54'). McClelland states tliat 
lead ore occurs here in small crystals (B. 287). 
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Slnghbhum.— Griesbach (708—34, 13) has recorded the discovery 
by F. H. Smith of an irregular vein of galena containing gold as 
well as silver. The exact locality is not specified, but it lies probably 
in the neighbourhood of Pahardiah (22° 30' : 85° 16') On assay 
the ore yielded 79-3 per cent, of lead. 34 oz. 2 dwt. 17gt. of silver,, 
and 11 oz. 2 dwt. 3 gr. of gold per ton of lead. 


BOMBAY, 

HatliiaMar.— (lalena wa.s found by Fedden (569—6. 131) as.'^o- 
ciated with copper pyrites in a ouartz vem traversing trap rock at 
Bankj Nks (? 21° 2' : 70° 59'). in the (Jir liilts. The ore is said to 
occur irregularly and in very .small f|iiantity. 


Kcuii Kantlia-) , . i , 

(Narukot). I— Bead ore is mentioned in the Bombay Gazetteer 

(Vol. in, 197) as having bfcn worked at Jhuban (i Jaiun, 22° 24' ; 
73° 43') and the Kiiandivav lakk (22° IH' : 73° 47') ; but no infor- 
mation as to the extent oi nature of tlie deposits is available 
(B. 301). 


BURMA. 

iiulicrsl.— Olliley (1340—3, 735) st.ites that galena and caibo- 
natc of lead are tonnd at maiiv places amoiie the limestone lulh 
th.it oxtdid southwards fion, ihe Penn rIiNck (17' 36' : !)7 ’ 50'), 
between the Yculiam ami 'raimg^’in iivtrs, to the liead watei.s of the 
llor.VDiiAX (( 11 M'NU-TIU-IIAW) uiid ZiMMK (Z\Mi) riveis (15° 25'; 
its 30') ; but doe.s not give the precist loealities. The ores an- said 
to have }iekkd fiom 76 to SI pei cent, oi lead, and ..n average of 
12 oz. of Sliver jier ton of lead (Theobald. 1763-i'>. 93). 

Mallet (1159 -.33) ha- de.seiibed a speeimeu of ea'boiiate lead 
leceiwd fiom Maiilmcin, containing cavitkv paitlv tilled with 
native lead. 


ithamo. — PoNSKK or Pon.shi (21° 27' : i)7° ll'). Tiu' silver- 
lead mines at this locality, formeily worked by the (’hine.-’e, were 
vi, sited and described by Andcisson (89—3, 267 ; —3, 10.5) about the 
year 1870. The mines aie situated in a hill tunned of crystalline 
limestone, about 600 ft. in height, on the left bank of tin' Taping R. 
The ore occurs in fissures in the limestone (Died with clay, and was 
reached by adits from 200 to 400 feet in length. It is said to con- 
tain 0-191 per cent, of silver, or according to Theobald (1763 — 19, 
93), 73 oz. 10 dwt. of silver per ton of lead. 
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Ka(h«. — Veins of cerussite were found by Noetling (1311 — 13 • 
— 18, 118) traversing a band of aphanififf rook at Kaybwin ( 24 ° 
15' : 95“ 40') on the Nam-maw R. The average thickness of the 
band is about 4 ft., and the cerussite occur.s in thin layers aloiKr 
cracks in the rock. Samples of the ore yielded 69-1 per cent, nf 
lead, and 33 oz. 16 dwt. 4 gr. of silver per ton of lead. 

•A similar occurrence was found at Mawkwin (24° 10 ' : 95° 37 '), g 
miles to the S. W. of Kaydwin. 

MergHi.— Maijigay's I. (12° 32' : 98° 18'). A lode of lead ore, 
occurring on the west coast of the island close t,o the sea, ha.s liecii 
described by Fryar [lud. Econmmt, V, 44 ; Coll. Guard., XXIV 
254). The ore occurs with quarts and barytes in a hard, (oar.se' 
argillaceous s€hi.stose rock. Samples of the ore assayed by Two™ 
yielded from 78-15 to 81-15 per cent, of lead, and from 11 to 13 
of silver per ton of lead (B, 310). 

Salweeii.~Ou a sketch map of the Ynnzalin valley, compiled by 
O’Riley and reproduced by 'J’heobald (1763—19, 94), nine localities 
for lead ore are shown. The ore is ‘said to occur in the same lime- 
stone formation that is exposed near Maulmein. Home of the lead 
mines in the neighbourhood of Mizine (17° 18' ; 97° 40') were visited 
in , 1873 by Fryar t625--9). One of the localities mentioned by 
him, Tf:ET.\LAY hill, probably corrc.spoiuls to the Hthesailay 
HILL shown on O'Riley '.s map. The ore near Mizinc oc(nu-.s in y 
ailiceoiLS gangne, very ditlicuU to work, and yielded on assay 14 nz, 
14 dwt. of .silver per ton of lead. At Teetalay the ore oc(-iu'i iji 
lime.stonc, and at Teetameklay hill (? TniJETnKA.Mooooi-: Inl of 
O'Riley'.s map) in a quartz matri.':. Ore from the last jiumed loca- 
lity contained 8 oz. 3 dwt. 8 gr. of silver ])er ton of load (B. 310). 

Shan Siafes (>',).— Raw nwix (23° 7' : 97° 20' 30"). The.se are 
the only really prodm-tivo silv('i--iead mines now being worked 
within tlie limits of the Indian Fmpire. They are said to havt! bei'u 
worlced )>y the (.'liimsso from tlnr bcgiiming of the loth contiiry, b'lt 
were abandoned about sovrarty ycairs ago on account of the disturlied 
state (tf the country, 'riic old workings ai-e very extcii.sive, a id 
testify to a considerable knowledge of mining practice on, (In; 
part of file Clniic,se, who smeltc-d the oi-e and extracted the siKci 
on the spot, leaving the bulk of the lead in the form of huge bri'ps 
of .slag, w'hi(-h cover an area of several acres. 

The geology of the locality and mode of occurrence and char;',(:ter 
of the ore.s have been described by La Touche and J,h:own (i035)^ 
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who visited thc^ mines in 1907. The ores are developed along a 
zone of intense disturbance due to overthrust faulting in a series of 
rocks composed of coarse felspathic grits and rhyolitic tulfs with 
thin flows of rhyolite. They appear to owe their origin to a meta- 
somatic replacement of the felspar and, in extreme cases, the quartz 
of the country rock by metallic minerals, probably carried in solu- 
tion ; and consist inainly of galena and zinc blende, associated rjpth 
small quantities of iron and copper pyrites. The constitution of the 
ores varies, assays from three ore-bodies yielding from 24-3 to 33 
per cent, of lead, 14-2 to 29-8 per cent, of zinc, and 17-5 to 37 ounces 
of silver (862, 129). 

The mines are now being wmrked by the llurma (hrporation 

(Ltd.). Since the year 1909, when operatioms began, the lead 

slags left by the Chinese, containing about 50 per certt, of lead, have 
been removed and smelted ; and at the same time the existence of 
ore-bodies, below the level reached by the Chinese miners, has been 
proved by exploration. According to a report published in the 

Engineering and Mining Journal, (Vol. Xt.'VlI, 154), the quantity 
of ore reasonably assured in 1914 amounted to 1,154,000 tons. 

The average annual output from the mines, during the five 

years 1909 to 1913, was 2.313 tons of ore and 22,4.52 tons of 
slag. In 1914 the figures were 8,7(19 tons ore and 24,901 tons shag ; 
.and in 191..), 4.094 tons ore, 32,o34 tons .slag, and 5,620 tons gossan 
Ilux. It is said that the supplies of slag are now practically exhaust- 
ed. The total production of hard lead during 1915 was 13,522 
Ions, of which 6,575 tons, containing 284,875 oz. of silver, were ship- 
ped to England to be I'cHned. 

Eermor (577-— 9) has recorded the receipt of specimens of lead 
•nc from two other localities in the States 

1. .\boiit 4 miles to the W. of N.-\ms,-vw (22° 31' : 96° 59'). 

Calena with cru.sts of ccrns.site and a little quartz, 

2. M.\n^ Hpwe (22° 0' : 97° 56' 30"). Calena .scattered through 

finely crystalline grey linre.stone. 

Sliau Stales (S,).— KvAxrKTnT (Kvawk Htap, 20° 51' ; 96° 49'). 
File operations of smelting and cii]>eiling lead ore fmind in this 
Jieigl'iboiirhood were de.scribcd in 1865 by Ecddcn (569—1. 39), Ixit 
he was unable to visit the mines. 'These were fully de.'uu'ibed in 
b>8( ).)y Jones (862 — 4, ]9f), who says that they are situated at 
•twz.Aix (M.\w-siiN), Bwelox, and Dvvixzu, a f(nv mile.s to the N. 
"ud N, p). of Kyauktat. 'The ore is found beneath tin', surface 
rmoring of red clay, iir yellow clay filling clefts and fissures in liniC- 
S'cne, and occurs m blocks and fragments varying from 3 ft. across 
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to the size of a pea. Cupellation was carried out in a closed fiunace, 
in which the fire of charcoal logs was suspended above a bath of 
molten lead, the litharge being removed by an iron rod. In 
practice about 2 oz. of silver were obtained from 160 lb. of lead. 
On assay the ore yielded 74-29 per cent, of lead, and 13 oz, 7 
dwt. 2 gr. of silver per ton of ore, with a trace of gold. 

Middlemiss (1219—22, 151) mentions several lead mines in the 
neighbourhood of Bawzain, and in addition one in the Kyauk-ktt- 
LEYWA State, worked by the chief of the Pwehla State. Old mines 
are situated at a, spot 4| miles to the N. of Myinkyardo (20° 56' : 
96° 36'), and near Pyinnyaung (20° 49' 30" : 96° 26') on the r(}ad 
from Thazi to Taunggyi. 

The production of lead ore in the Southern Shan States amounted 
on the average *to 81 tons annually, during the five years 1909 to 
1913. In 1914 the output was 12 tons, and in 1915, 28 tons. 

Vamelhin.— Mt. Pima (20° 40' : 96° 21'). A lode of argenti- 
ferous galena, said to be from 3 to 30 feet thick, occurring in lime- 
stoue among the foot-hills of Mt. Pima, was opened up by a Company 
formed for the purpose in 1908. In the following year 2,463 ton.-i 
of ore were raised, but it was thou found that the supply wa.s ('x- 
hausted, and the mines were closed ( 862 , 130). 

CENTRAL INDIA AGENCY. 

Dalia.— Naroha (20° 13' : 78° 51' 30"). A vein of galena in tin 
Par sandstones on the Sind E., a mile and a half above the village 
of Nardha, is mentioned by Medlicott (1197 — 37 , 58). The localil.y 
is referred to as 3 miles to the N. N. E. of Seonur.a (26° 9' ; 78'" oO') 
in the ‘ Economic Manual ' (B. 299). The, ore is said to be abundant. 

Cwalmr.— A-INDJIAR (25° 33' : 78° 9'). A deposit of galena at 
this locality has been examined by Jones (.sec Hayden, 793—21, Tot 
The ore cocurs in small veinlets and patches, with quartz a)a] 
barytes, in a band in the gneiss 5 ft. in width. A considerable 
amount of ore is said to have been proved. 

Traces of galena and copper ores have also *been found in pro.s- 
pecting trenches at RAGONATiipaR (26° 4' : 78° 21'), and at a spit 
2| miles to the W. of Kariiia (25° 53' 30" ; 78° 4'). The amount 
appears to be small (see La 'Jouche, 1034 — 39 , 113). 

Rewah.— Uroarhi (24° 14' : 82° 29'). An old lead mine at tins 
locality is mentioned by Oldham (1825, nSf. A vein of galena and 
quartz, about 9 ins. in thickness, is said to have been found at a 
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depth of 30 ft. from the surface. On assav' tlie ore yielded Gl-6 per 
cent, of lead, and 7 oz. IG dwt. 14 grs. of silver per ton of lead. The 
mine is referred tri as near tlu! village of .Baeoaw.v (21'’ 12' : 82 ' 31') 
in the ‘ Economic Manual ’ (B. 208). 

CENTRAL PROVINCES. 

Bilaspur.— Padampur (21'’ 45' : 83'’ 37' 30"). Ball (71—20, 102) 
mentions the occurrence of .strings and small ue.sts of galena in a 
bed of Vindhyan limestone expo.sed in the bed of the Mahanadi R. 
under the village. The de])()sit is said to bo of no economic import- 
ance (B. 29G). 

Drug.— Ciriciiou (21’, 4' : SO'-' 44'). A discovery of galena in 
a quartz ridge cros.sing the main road from Raipur to Nagpur at Raui- 
talao, 3 miles to the W. of Chiclioli, was recorded by Oldham (1326 
— 45 ; — 50 ) in 18G8. The deposit was afterwards examined by 
Blanford (148 — ^2.3), who .states that the galena, associated with 
iiuor spar, occurs in a well marked (]uartz vein which was traced for 
a distance of a mile and a half. The width of the vein wa.s found 
to vary from 6 to 30 feet. The proportion of galena to vein-stuff 
appeared to be small. Specimens of the ore yielded 9 oz. 19 dwt. 
G grs. of silver per ton of lead (B. 29G). 

An output of 3'2r) toms of lead ore from the district i.s reported 
in 1914, and of 7 tons in 1915. 

Koshangahad.— JocA (22’ 24' 30" : 7G° .51' 30"). Some old 
excavations at Joga Klrurd, known locally as the 'silver mine,’ 
have been described by Nicholls (1299. 174). Two parallel series 
(4 trenches had been dug along the strike of a band of Bijawar 
limestone containing apparentl}' irregular veins and nests of galena, 
which had becir followed in. places to a depth of 30 ft. The deposit 
bad practically been exhausted, and the .samples collected consisted 
of limestone with scantily disse.minated particles of galena. The 
lead contained silver in the juopoi'tion of 21 oz. to the ton (B. 297). 

Juhhulpore. — Sl[';eman.\uai> (2.3’ 38' 30" ; 80’ 19'). The metalli- 
ferous lodes at this locality, already mentioned under COPPER, con- 
tain a certain proportion of galena, which i.s sometimes V':‘ry rich 
m silver, picked specimens containing up to 200 ounces, develop- 
ment work on th<\se lodes has not i)roved rejuunerativc (862, 130). 

IVagpiir.— Nim'a or Nimbua (21’ 24' ; 79’ 9' 30"). The occur- 
mnee of fragments of galena on some small hills near the village is 
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mentioned by Jenkins ( 938 — i, ]9{>) and Hialop ( 843 , 380). The 
source from whicli they were derived docs iiot appear to have been 
ascertained (B. 298). 

SHrgHiH.— Bhrlaunda (2.3'^ 52': 83° 20'). The discovery of a 
vein of galena in a liill named Pattia, near the village of Pelawa or 
Bhelannda, was reported by Dalton (410--2) in 1865. Speciineins 
of tlie ore are said to liavc yielded traces of silver. An attempt to 
work the vciir proved to be unpirditable (B. 294). 

(.'HiRAiKtTNJj (23° 54/ ; 82° 51'). An abandoned lead mine, 
situated about a mile and a half to the 8. W. of the village, lias been 
dcAoribed by Mallet (1159 — •">. 23). The ore occurred in pockets in 
two bands of horny quartzite intorbedded with gneiss. No indica- 
tions of a true lode were observed (B. 295). 

MADRAS. 

('inbhipah.— J.\NGAMnAjrii.L£ (14° 46' : 78° 57') or Baswavur. 
The old hud mines in this neighbourhood Avere ti,rst described by 
NeAvbold ( 1294 - - 29 , 215) in 1842. About 50 pits were then in 

existence, some of considerable depth. 'Fhe ore occurs in limestone 
a.s.sociated with slates and sandst()ne.s, sometime, s in cavities lined 
v.nth quartz and iron oxide, and in other places in veins from an 
inch to 14 ins. in Avidth. In 1858 the mines Avere examined by Wall 
( 1875 — 5 , 295), who traced the indications of ore for a distance of 
4 miles, hut adds little to NoAA'bold's description. According to 

King (987 — 7 , 273), the ore at Jangamrajpilli occurs in quartz 
veins impregnating limestone liclonging to the Cumbum stage of the 
(Aiddapah series, hut further to the S. and W. it is found in a granu- 
lar form in a band of quartzite. 'I’he ininos appeared to be practi- 
cally exluiusLed. 

Sanqiles of the ore collected by Wail coutaiued from (IG-GH to 
C9di64 per cent, of lead. A sample a.-'sayed by Mallet yielded 78 

per cent, of lead, and 22 oz. 7 dvvt. of silver jier ton of lead (B. 28i). 

A description of the native Avorkings has also been given by 
Bribble in the ruddajiah Manual (707 — l, 26). 

Lankamalai (14° 40' ; 78° 58' 30"). According to Wall (1875- 
3), the metalliferous zone of Jangamraipilli is continued soutl - 
Avards into the A\'cstern portion of the Lankamalai hills, E. of Nandi- 
rdarnpet, The richest ores occur in a, branch vein exposed to the 
S. E. of the village of Nagasaxipalli (14° 42' ; 78° ,52'). This vein 
is in TAvo portions, each from 4 to 5 inches wide, and estimated to 
yield about 18 cwt. of dressed ore pe: yard. A cpiartz vein con- 
taining galena, which cros,ses the Pennair li. at Koterur (? Kottgr, 

300 



LEAD and SILVER. 


14° 36' : 78° 48'), may represent a continuation of tlie lode to the 
south (B. 284). 

Samples from the Nagasanipalli vein yielded from 70-121 to 
7o-371 per cent, of lead. 

(»uutnr.— K. ak.vmpudi (16° 26' : 79° 47'). King (987—7, 276) 
mentions some old lead v’orking.s in the N. E. extremity of the 
Waumyconda range, above Karainpiidi, among limestones a.,s,socia- 
ted with Cumbum slates (B. 28u). 

KuniofiK— B asavaj'Ur.v.m or llASWAruR (!.o° 21' 30" : 78° 41' 30"). 
Sonic old excavations in search of lead ore in thi.s neighbourhood 
were de.scribcd by Kewbold (1294 — l-rt, 389) in 1816. The ore occurs 
in quartz veins traversing slates and schists, aiul i.s associated with 
barytes. Samples collected by Wall (187’5 — -1), in the course of 
pro.spccting operations, yielded 57-5 per cent, of lead, and 5 oz. 
19 dwt. of silver per ton of lead. Aceording to iving (987--", 273), 
the ore occurs in joint lissiires in slates, as at Jangann'ajpilli, strildng 
from N. N. E. to S. S. W. (B. 281). 

Koilku>;t.i.a (15° 14' ; 78° 23'). .An account of prospecting 
operations at a spot a quarter of a mile to tlie 8. of the village has 
been given by Wall (1875—4 ; — •>, 299). (ialeiia was found 
dnssemiiiated through a hard siliceous matrix occurring as an irre- 
gular vein among granitoid rocLs. Oc.casioriall}' large ma.s,se,s of 
(c'c were met vdtli. 'The yield was e.stirnated at about 9 ewt. of 
dre-ssed ore per fathom. Samples contained, from 12 to 14 oz. of 
silver per ton (;f lead (B. 285). 

MYSORE. 

C'hitsildroog.— Eoote (596--:!V, 23>) mentions the discovery by 

.\Iervyri Smith of argentii'erou.s galena, at three localities in the 
neigh bourliood of (.'jiiTALDKOOu (14° 13' ; 76° 27'). Two of these arc 
on tlie main road to .Bangalore, at the 119th and 12 1st milestones 
respectively ; and the third on the we, stern slope of ,Iogi Maradi hill, 
near the town. Some of the .specimens are said to be very rich in 
silver. 

Samba.siva Iyer (1548 — 5, 115) has recorded the occurrence of 
stringers of argentiferous galena on the west .slope of a small hill to 
the S. of Kakubahmatiadtkerf. (14° 9' •. 76° 29' 30"), in grits and 
' rystalline limestone. The cleaned ore yielded 72 pm cent, of lead, 
and 134-65 oz. of silver ])er ton of lead. 
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NORTH WEST FRONTIER PROVINCE. 

tlazara.—Wynne (1975—24, 127) the occurreuco of a 

small vein of isj^alena in the Kakal ravink (2T 2(h 20" : 72 ' 25' 2o"). 
Bani])les yielded on assay 65 per cent, of lead, and 7 o;^. 18 dwt. 
11 grs. of silver per ton of haul. Specimens were also brought hy 
Wyniie fr(uu Iknu (Ihb" 30' : 73"^ i') in Agror. Galena is reported to 
liave been found at Hanoi Mtinim, near Guhixi (33" 55' : 73"’ 23'), ;> 
few miles frcjin ftlurree (B- 304). 

PUNJAB. 

Jlieluiii.— K arax(u;i hill (32^ 46' : 73'^ 5'). The occurrence of 
galena, in small nests and detaclied (*rystals, near the summit, of 
Karangli hill was recorded in 1848 by l^loniing (591 — l, 517 ; — 3, 675; 
— r>, 256), and has also been noticed by Bowring (183 --1. 49) and Wnine 
(1975 — 18, 300). The ore is disseminated through magnesian sanih 
stone forming a })recipitoiis scarp, and can otdy be reached by means 
of a rope. It has been mined to a small extent as a substitute hsi 
surwd or antimojiy. 

ineming (1. c.) also mentions a similar occuiTeiu'e of galena in the 
gorge above Knrnvn.v (32'^ 39' 30" : 73"^ 4'), nc-ar a teni[>le cm the right 
hand side of tlie valley' (B. 301). 

Katigu. 5 — Pahuati v alloy. The exist. nee of gahma in Kulu 

(Kulu) J 

appears to liave been first noticed in 1818 liy Parish (1363 — 8 
290), who mentions its occurrence in ipiartz veins traversing slates 
at Jhaki (32" 0' : 77^ 18'), Hugincs (885 — l. 239) describes tlio lod'^ 
as consisting of ipiartz with strings of gahma, jyyrites, and arsem - 
pyrite. Its extent was not ascertained. The ore contained from 1-5 
to 20 oz. of silver ])er ton. Massive galena, containing 5 to 6 o:w ol 
silver, and 2 to 3 dwt. of gold, was also found at Baugthax, o 
miles from Jhari. 

In 1865 Mallet ( 1159 "- 1. 165) descrilied au old mine at Umnen, 
2 miles above Manikakn (32'' 2' : 77" 25'). where tlie ore is sparijiglv 
distributed through quartz filling a n.arre)W vertical fissure. The 
specimens obtained were, not argentiferons (B. 307). 

Snbs(.H|uently tlie district was |)i-os|.jected by ('alvc*rt (265—2, 
72 ; — s) and by (h and G. Hen wood (823 ; 824 — 3), when s^'veml 
lodes of argent! birous galena were found in the neiglibourliood ol 
Manikarn. Tfie following particniars are given by Calvert : — 

Khanok Ivnui).— (1) Lode over 2 ft. in width; ore free from 
iron and yields 84.) oz. of silver per ton. (2) Lode appareutlv 
Kseveral fi^et thick ; the ore and ‘ gossan ' together yield 61 per cen8 
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of lead, 12 dwt. Vl gis. of gold, 89 oz. U» dwt, IG grs. of silver, and 3-8 
per cent, of copper per ton. (3) Lode several inches thick, yielding 
1| tons of ore per fathom; ore contains oo-f) per cent, of lead, 5 d\vt.‘ 
of gold, and 28 oz. 10 dwt. of silver per ton. 

IJcHiOH. — Lode over 2 ft. wide ; ore yields 29-80 j)er cent, of 
lead, 2 dwt. 12 grs, of gold, and 22 oz. 2 dwt. 12 grs. of .silver per ton. 

Lnois’G. -Lode about G ins. thick ; ore contains 7G per cent, of 
lead, and 19 oz. of silver per ton. 

Calvert also immfions a report Unit a lode of galena .2| ft. wide 
occurs at Roman, on tlic eastern side of Rot Ranim (3k’ 53' : 77'^ 16'). 
Tlic ore is said to contain 5G oz. of silver ])er ton. 

(Spiti). — Tlic occiirrcnC(‘ of galena in a small ([uartz vein, infil- 
trated along a fault plane in upper Triassic limestone between Po 
(32"’ 3' : 78'^ 23') and DAxNKuak (32"' 5' : 78"' IG'), has been noted, by 
Hayden (793 — 102). ft is fomid only in small isolated cubes, 
wliich are laborionsly extraeted and. used locally for malcing bullets. 

Simla.-— 8ar (30^^ r53' : 77 ' 15' 30"). An old lead mine is said 
to be situated here, but notldng is known regarding the nature and 
i'lode of occiUTeiico of the or(‘ (B. 30G). 

SuUATHC (30'' 58' 30" : 77'' IV). Lead mines wen'e opened in the 
year 18G9 at C[i\pla, aliout 2 miles to the N. of Snbatliu, and at a 

spot about 2h mile.s to the 8. tC, on tlie road to Solan. Tlie opera- 

tions liave been des(*ribed by Kelly (974) and IL.mwood (824 — 2,*, 
'171). The ore occurs iu the Ifiaiiii >slatCvS, apjiarently in lenticular 
iissures caused by the folding and crushing of tln^ slates., At (Jhapla 
Ci(‘ lode was about 2 ft. thick in places, but very irregular. At the 
other locality thej’c wer(i two lodes 80 ft. a|>art, one 2 to 3 ft. thick 
of nearly pure ore, Cue other varyit'ig from I ft. (> ins. to 2 ft. in thick- 
ness. 8amp!es assayed a,t the mine are said, to ]iaY(^ contained from 
G8 to 75 per cent, of lead, and 12 to 1 1 ounces of silver per ton oi lead 
(B. 301). 

«iiilallillS(al«.1^ ot salcia B.isantpue 

(Rhai.li) j 

(3L 12' 30" : 77"^’ 14') has been described by Hayubm (793—26 

7G). The deposit, wliich was situated on the left bank ol tlie Raiiti 

Ivliad, appeai'ed to liavc been entirely removed. Fragments of 
galena and slag were seen in the alluvinm. oi the stream. 

(Oargoti). — A deposit of galena, diseovered in this State in 1902, 
Muis reported by Noetling [see Hollaiub 859 — 68, 14), who examined 
it, to be of no econom'c value. 
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Sirmur.— -Herbert (887— -lO. Ixxix) has described some lead 
mines at Aiyuk, near the junction of tlie Suin.t R. with the Tons 
*(30° 46' : 77° 46'). The locality was visited in 1802 by Medlicott 
(1197-5, 179), who describes tlie ore as occurring in a well defined 
lode, about 2 ft. in widtli, in limestones and slates of the Krol and 
Intra-Kvol groups. A vein of zinc blende, with galena, iron pyrites 
and quartz, was associated with the lead ore. The ore contained 
only a small percentage of silver (B. 306). 

RAJPUTANA. 

Ajmer.™ Taraoarh (26"' 26' 30" : 74^ 41'). Considerable quanti- 
ties of lead ore were formerly extracted from mines situated at the base 
of Taragarh hill, (dose to the city of Ajmer. The native methods of 
mining, dressing, and smelting the ore were fully described by Dixon 
(491) in 1831. Concentration of the crush cd oro was effected simply 
by tlirowing it down the slope ofxthe lull. After washing it was 
kneaded into balls with cowdung and smelted in small clay-buiit 
furna(!es, each with a capacity of 2 to 3 cwts. of metal daily. Ac- 
cording to Haclcet (730 — t, 2'ii7), the ore occurs in a number of small 
roughly parallel veins, penetrating ([uartzite in nearly the sauie 
direction as the strike. 

Before the year 1846, wlicn the mines were closed, tluAy produced 
annually from' about 7,000 to 8,500 cwts. of lead, according to a 
’"statement in the Ajmer Gazetteer (1033. 0). Dixon gives a mud: 
lower figure, ojily 850 cwt>. (B. 290). 

(kANKSHiniuA (26"' 1' : 74^' 42' 30"). Hacket (730 — C 248) says 
that a s]]uill quantity of lead ore has been extracted from a pit neai 
the village (B. 301). 

Alwar.-JoDAWAS (27" 21' 30" : 76"^ 22'). An open cutting, from 
20 to 30 ft. deep, froiu which a considerable quantity of lead ore had 
been extracted, is mentioned by Hacket (730 — 4, 248) ; also a small 
pocket of lead ore at (Ujdha, in the same neighbourhood. The ore 
from Jodawas is said to cojitain 80 per cent, of lead, and 1 per cent, 
of silver (B. 301). 

)— Jawar (24° 21' ; 73° 45').~Tbe miues here are 

(rdiuiMir). i ' 

principally noted for their zinc ores, but according to Hardie 
(764—4. 335 ; — 7. 70), argentiferous galena also occurs in them. 
A sample as, saved by Tween contained 10 oz. 12 dwt. 8 grs. of silver 
per ton of lead. The mines are said to Ivave been closed at the time 
of tbe great famine of 1812-13 (B. 301). 



LEAD and SILVER, 


UNITED PROVINCES. 


Almora and Gaiinvar 
(Kufiiaoii) 


“Lead ores have been reported to occur 


at a large number of localities in the Ivumaon division, but in must 
cases the mere fact uf its existence is mentioned, and ]io details 


are given. Hardwicke in 1799 (765, 341) mentions a lead inijie in 
pargana Dasaoli, and Herbert (827—10, cxi) notes the occurrence 
of veins of galena in dolornite on the range between the ^Sarju 
and Kosila rivers. 


Barratt (80 — l, 74) mentions lead, mines at the following locali- 
ties : — 


Rai (29'' Vd' : 80^ 5'). The ore occurs in limestone, l)ut no 
is visible. 


(hKNDAK, 2 miles. E. of (Tiund, in Goron. Lode 6 to 8 ft. wide, 
in limestone. Stringers of galena in <]uartz. 

Karai (?). i^odules of lead ore in limestoiie. 


Fatal, i.n pargana JJewalgahh (?30'" IF 30" : 7!)^ 3'). Lode in 
(piartz, 8 ins. to 2 ft. in width. No ore was seen, but t!i,o lode is 
said to have a very ])romising ap])earanee. 

Dhanpur (30"^ 13' : 79'^ 10'). Lode over 12 ft. in width, eori- 
sisting of brownish C[uartz thickly ini})regnated witli galena. The 
yield is said to be about G-o per cent, of metal. 

Jhak (30^ 9' 30": 79'' 26' 30"). Quartz lode in clay slate with 
pockets of galena, yielding 33 percent, of metal with some Sflvcia 

Lawder (1040- 1, 88) mentions lead mines in the OvRTHr vai.^.ky 
(: i0° '10' : 80^= 7'), and at (30" 18' 30" : 80" 20' 30"), 15,\in.skal 

(29" 55' 30" ; 80" 13'), Tuchida (1), and Baidli Baohir (i), hut gives 
no particnlars (B, 308). 

A sunnnaiy of the iiiiormation available is given by Atkinson 

(48, 31). 


of 


Delira Dun") 
(.lauiisnr) J 


— Several 


the Tons li., about 2 


old load, mines arc situated in the 
5 inih'S to the N. of Kalsi (30" 


valiey 
32' : 


77" 54'), where the ore, according to Medlicott (1197 — r>, 179), occurs 
under the same conditions as in the adjoining district of Sirmur. 
The mines at Buraila (30° 44' : 77° 51') and Maiyur (?) were 
described in 1829 by Herbert (827—0, 250), who says that they 
were of great extent, but had tlicu ceased to be profitable. The ore 
at Baraila occurred in limestone, and at Maiyur disseminated in 
a fine granular form through slate. 




LEAD and SILVER-^LIGNITE. 


The following localities are mentioned by E, D. ' Oldham in a 
manuscript report : — 

Kuma (30'' '11' 30" : TS'' 6'). Quartz vein in slates, of which 
2 oT 3 inches at the base are impregnated with galena 
and copper pyrites. 

Kiiaksi (30'' 45' 30" : 78'' 2'). Galena in nodules between 
beds of limestone ; veiy local in distribution. 

Kona IN (30'' 47' 30" : 77'' 57 '). Ore occurs as at Kharsi. 
Muditaul (30" 56' : 77" 51' 30"). A galena mine is reported 
here (B. 307). 

LIGNITE. 

ANDAMAN ISLANDS. 

Ball (71 — n, 236) notes the occurrence of nests of lignite in the 
Eocene sandstones of Eoss and Viper Ls,, at Port Blair (11" 4B: 
92" 43'). No continuous seam was found. Analysis; — (J--50‘8: 
Vol."26‘0; Ash-~23*2 per cent. (B. 118). 

ASSAM. 

Ahor Hills. — A discovery of ‘ coal of a su])oriov cjiiality ’ leporti'd 
by Dalton (407 — 2 ) in the Dir.jmu (JORge at the foot of the Ahor 
hills probably refers to lignite, fragmejits of whicli at'e of coiiunon 
occurrence in the Siwallk sandstones. Brown (211 — “>, 236, 252) 
has also recorded their occurrence between Pasioiiat and Janak- 
MUKii (28" V : 95" 17'). 


BENUAL. 

Hiirieeliiig. — Nests of lignite arc freqnejitly found in tlie uj)])er 
Tertiary sandstones at the outer edge of the liills. Heihert (827 -7, 
124) noticed their occurrence in the 'teesta valley, and a report on 
specinums from the Si\ ok or Puawa. stream (26" 53' : 88" 32') was 
drawn up hy Oldham (1326 — 5) in 1854. Four specimens analysed 
by Piddington (llOS—eti ; (>0) gave the following average result : — 
C^57*56 ' Vol.~d>0-08 : Water '“8-20 : Ash-- 3-97 per cent. 

Jitipaigiiri. — Deposits of lignite similar to those in the Darjeelii.g 
district liave been noted by Godwin-Austen (669 — 7), near Baxa 
Fort ( 26 " 45 ' : 89 " 38 '). A deposit occurring about 2 ' miles to B. 
N. E. of Jatntj ( 26 "' 42 ' : 89 " 41 ') has been descjlbed by Hayden 
It consists of sandstojio containing isolated logs of liginte, 
exposed over large areas, but not forming a continuous seam. The 
lignite contains only a smaJ] percentage of ash. 
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LIGNITE. 


BOMBAY. 

Rafiiasiri.— (le Crcspigny (450) lias recordiHi the discovery oi 
beds of lignite at Ratnaciri (](f .bb' : 73' -2]'). Tlio lignite occnrs 
beneath abont 37 ft. of laterite, and with the underlying blue clay 
measures 27 ft. in thickness. 

BURMA. 

ChhHl\>iu Ricliaidson (1478-- '2 ; --3, (‘>8) and (Jraiit 

(692 — 1, 149) have noted the oceiirreju'e of liii^nite in large quan- 
tities in the ))anks of the (lundwin II., from 1’2 to I t nuli^s above 
Kin OAT (23^-^ 43' : 94" 28'). 

3I,vitk.yiiia. — Griesbach (708 — 129) states that small quan- 
tities ol: lignite arc occasionally brought- to j\Jyitkyina from near Talang 
(2o"^ 50' : 97" 29'.), a village in the Ivaehin Hills, 10 miles to the 
N. N. AV. of the Confluence. It is said to occur iji a seam from 2 to 
3 ft. thick. 

SaiidoMay. — Tjgnite has from time to time been reported to 
occur ill the Arakaii Hill Tracts, but no deposit of value is kiunvn 
to exist. A saniple from the neighbourhood of KiNceiKLiJ (IvvELX- 
TALi, 18M)' : O'C 31'), analysed by WalOms (1880 — 4, 201), yielded; — 
(;r-:33-0 : Aafl.— 00-4 : Ash -^O-O ])er cent. (B. 113). 

iSliaii Stales (S.). — A deposit of lignite, situated about 2} to 
3 miles to the 8. of Thtoaut (Hsikif, 20" 21' 30" : OtC 40'), 
luis boeji described by Jones (952 — t, 190). The ligniO^ occurs in 
seams 2 or 3 ft. \n thickness, and in om^ cjisc 0 ft., alternating with 
clay, and has been traced for about .a (piartfU’ of a mile. It is a 
lake deposit of recent origin. Analysis: — (9 a. 30-22 : V()1."G3G-2G : 
A\’'ater™-22-74 : Ash-- lU’78 per cent. 

Middleniiss (1219— - 1-5 150) has notfal the occiirrencf' of similar 
deposits at two places to the 8. W. of Nangun (20" 48' : 9()" 45'). 


CENTRAL PROVINCLS. 

Kaipiux — Bose (17&— a) has described an occurroiK'o of lignite 
m the bed of the Karun 11. at Kjiatagaun (21" 13': 81" 41'), 3 
miles to th(^ 8. W. of Tiaipur. The lignite is found in logs with a 
maxiinnm diameter of G ins., imbedded in jieaty clay beneath the 
sand in the bed of the river. Analysis (av<n’age of 2 samples) : — 
C-~^:29*15 : Vo].---^48-G0 : AVater-':rlG-70 : Ash^ 5-55 per cent. 

Similar deposits are said to occur at Guuowa and Jumhao, in 
the same neighbourhood. 
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LiaNITE. 


MADRAS. 

lUalahar and Travaucore. — The discovery of beds of lignite on 
tlie south-western coast of the Peninsula is dUc to Cullen (397 — 2) 
and Newbold (1294 — 17; — :>3), who described their occurrence 
at Repuk (ir 10' : 7rf 52')> Cannanore (11'^ 52' : 25'), ami 

Warkallt (8"^ hP : 7G^ 4,6') in the year 1840. The lignite occurs 
in lenticular masses v«arying in thickness from a few inches to 5 ft. 
or more, beneath a covering of laterite (B. 68). 

Further information on the lignite beds of Travancore has 
recently been supplied by Chacko and Masillamani ( 298 , 8, 53, 73). 
The area occupied by the main mass of Warkalli bods is estimated 
at 41 square miles, and the quantity of lignite available at 276 
million tons. 

NEPAL 

Piddington (1405 — 4(5 ; — 79) has given analyses of two speci- 
mens of lignite from Nepal One of these, from a locality re-aj; 
K.\tmandu, contained : — O--25-20 : Pol. *-- 41.50 : Asli- c>3’30 ))(‘r 
cent. The other from Ktatt:n1:>a (27' 26' : 85'^ 9' 30") in the Nepal 
Terai, contained: — ('“-50-25: Yol.::-:3.5-50 : Ash ^-1125 per cent. 

NICOBAR ISLANDS. 

Fraginents of lignite, occurring under conditions similar to those 
in the Andaman islands, were ol)tained in the Islands of Treis 
(Teressa), Kondul, and on the south side of tlie Oreat Nic’.obar hv 
Hochstetter (846 — l, 1^8) and Rink (1487 — i, 210), Weathered 
samples found in the sand of the southern islands were analysed 
by Medellaud (1117 — 30), but there is a possibility that these had 
been dropped by passing ships. The average results obtained weie 
(3 samples) : — C-~40-l : Voh“ 55-8 : Ash“4-1 wy cent. (B. 119). 

PONDICHERRY. 

Extensive beds of lignite were nud with in the course of artesiaii 
boring operations, carried out in the coastal flats between Pondi' 
cherry and Cuddaloro about the year 1884, and a full description 
of the occurrence was given by King (987 — 3i, 194). At Bahouu 
(IK 48' 30" : 79"^ 48') a bed of lignite 35 ft. thick was passed throiigt. 
at a depth of 275 feet. At .Akangakctr, 2 miles to the N. N. E - 
two beds of 27 feet and 5.4 feet were met with at depths of 203 ami 
297 feet respectively; and at Kontakovil, 5 miles to the N. E. bv 
N. of Bahouj*, a bed 50 feet thick at a depth of 330 feet. 

Analyses of the mineral quoted by King show very discojxhmt 
results, the amount of ash varying from about 7 to over 32 per cciit. 
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UaNITE. 


A. sample analysed by Mallet gave : — C— 25-2 : Vol.--29-l : Water 
==35-3 ; Ash— 10-4 per cent.; but in a briquetted sample the pro- 
portion of moisture was reduced to 17-4 per cent., and the quantity 
of ash increased to 34 per cent. A sample of the natural ligtute, 
analysed by Waddell, gave : — (.'=:37-720 : Vol. ==38-o51 ; Water— 
10-276 : Ash--7'451 per cent. 

PUNJ.XB. 

Sliauwali. — The Jurassic lignite or " jet coal ' of Kalaltagh and 
ihe ncighbouthood has already Iteen noticed under the heading 

COAL. 

Rawalpindi. — In 18G8 .several de])o.sits of lignite reported to 
occur in the Murree hills were e.xamined 1)}' ])avie.s (432). The most 
promising was found on the east face of Nkhh: huj. (33^^ 41'; 73'^ 
36'), but it did not extend for more than 30 feet, with a maximum 
thickness of 16 inches. The depi>sits were also examimxl by H. T>. 
Medlicott (1197 — 1 . 5 ) and J. (1. Medlicott (1189-— 4 ), who pronounced 
tlioin all to be worthle.s,s from an economic point of view. 

(Occurrences of lignite in the south-eastern portion of the Funjal) 
Himalaya are noticed below.) 

UNITED PROVINCES. 

Thin seams of lignite, and scattered logs of carbonised wood, 
are of common occurrence in the middle or sand-rock stage of the 
iSi\valik grou]), and have given rise from tinie to time to reports of 
the discovery of coal at various lo(;alities along the basr^ of the llima- 
jaya between the Sutlej river and the borders of N'epal. Tlie most 
wcstei'ly occurrence noted is in the neighbourhood of (3(F 50 : 

77’ O'j, whore several outcrops were examined by Gricsbacli in 
1891 (see King, 987 — 7). The most promising w'as found in 
the bed of the Kassaulia stu'cam alrove Tipra, but the average 
Ihickncss of the scam exposed wa.s not more than 2 or 3 inches. 

In 1828 Cautley (292 — t ; — 270) and Herbert ( 827 — 4 ) 
reported the occurrence of thin seamg of lignitt; near Silani (30^ 32' : 
77’ 17') in Sirmur; at the 'fiMU (.JCF 21': 77’ 46'), Karawara 
( 3fF 16' 30" : 77’ 53') and other passes leading into the Hehra Dun; 
and in the Balia stream below' Bilim Tal (29’ 21' : 79’ 37' 30") ; and 
discussed the prospects of useful coal being found in these hills, 
hone of the seams found was more, than a few inches in thickness. 
Similar cases have been rt^ported by Raven.shaw' (1462) to occur 
in the Dhela R. (29’ 25' ; 79’ 4') and other streaims is.suing from 
the hills in the northern portion of the Moradabad district. 
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LIGNITE-LITHOGRAPHIC STONE. 


Prowpectlng operations were undertaken in 1901 by Agabeg ( 12 ) 
on some lignite seams in tlie hills between IIajpur (30^ 24' : 78^ 9'} 
and the Jumna, under the impression tliat the rocks in which they 
occur belonged to the Talcher formation. Two seams of 6 and 9 
inches in thickness w^ere opened up, but no useful de})osit was fomul. 

Deposits of the same character, reported to occur on the Laiis- 
downe rc^ad between the first and eighth miles from Kotdwaha 
( 29"^ 15' : 78"^ 39'), were examined in 190G by ('otter and Brown 
(see .Holland, 859- '^‘0, 33). Tliey were found to bo mere lenti- 
cularqiatches not exceeding a few inelu'S in length. 

Samples of lignite from the Siwalik hills, analysed by Thomson 
( 1774 ^- 2 ), contained from 39 to 54 per cent, of carbon, IG to. 48 
per cent, of volatile matter, and 4 to 30 per cent, of ash. 

LIMESTONE see n^^der BUILDING MATERIALS. 

LITHOGRAPHIC STONE. 

No thoroughly efficient substitute for the lithogra|>hic stone 
imported from (!ennany has yet been found in .India, but stone that 
answers the juirpose fairly well has been met with at saiveral pln-es. 
As Ball remarked (71—4'), 557), the indigenous stones are difficult 
to di'ess and polish ; and the fact that they are not used, at least 
to any apprecialde extent-, wlnlc liigh prices continue to be paid for 
European stones, is the strongest argument against tlieir being 
of any substantial value. The credit of introducing the art of litlnr 
graphy into India has been claimed by Rind (1486). 

BIHAK AND ORISS.V. 

Sliahahiul. — In, a paper on the rise and progress of the litho- 
graphic art in India, Prinse]) (1436 — ‘d speaks highly of specimeiis 
of Vindhyau limestom^ from the bed of the Son R. at RonTASGAUH 
(24^ 38' ; 83' 58') ; but St<nvart (1703) says that on trial the stone 
was found to l)e tor) soft and friable for the purpose. Tlicse were 
probably weathei'ed spr^cimeus ; for Mallet (1159 — 3, 113) quotes 
a report to the efTect that samples sent to Caknitta werci very sili- 
ceous and too thin frjr any jvractical purpose (B. 557). 

BOMBAY. 

Bijapur. — Newbold (1294 — 24, 949) draws attention to a line 
grained cream coloured limestone ocemTing in the Biiima scrir^s at 
Taukot (10= 28': 76= 22'); and again ( 1294 - 41 , ‘276) to a pale 
bull coloured limestone of Kaladgi age at Baualkot (16° J1 : ' 
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UTHOGRAPHIC STONE, 


46'), as apparently suitable for litliogra])l)y. Foote (596-1 2, 265) 
remarks tliiit experiments on the value of tliese stones, made in 
Bombay and Madras, liad ap))areiitly l)eeu imsuccessful as no demand 
liad arisen for them. Similar stone was noticed in the neiMihour- 
ing district of Bhorapur iir HydtU'abad by Meadows Taylor (1751 — 2, 
27), who says, that it was used in the Revenue Survey (hfice for 
printing village maps (B. 559). 

CENTRA!, INDIA AGENCY. 

Revvali. — A 8am])le of Vindhyan limestone, obtained ))>' Bhortredo 
(1628) at Rarkwa nim. (21 : 8R :>2' 30''). was favourably 

r(‘ported on by Black (1»36) ; but the specimen was so small that 
no defmite opinion could, be given. The stoiie was not found in 

(B, 558). 

CENTKAl. PROVINCES. 

f)a ino !i , — F ra 1 1 Id i i \ (816- - , IDI'f) nuuitions tlie Dccurtrutce of 

tiiin bod(U“d V'iiidhyan liiiHstniic iu tlu! valloy of the Bonar R., 
ill the iioighlxnii'liood of H.vtta ('.IR 8' : 70 ' 40'), which he thinks 
would be sulficiently couipiict for' !itliogra|>hic pm'po.ses. No trial 
of the stone appears to have been made. 

Itaipiii'. — Bei'viceahle stones arc said to have been found in this 
di.strict, and were being used in 1866 at the Raipur Jail Pre.ss (B. 
558), 

HYDERABAD, see BO.MBAY above. 

MADRAS. 

According to Balfour (69—1.58), tlie limestones of the Nerji 

stage in the Kurnool scries, which are widely distributed in the, dis- 
tricts of Kurnool, Guntur, and Kistna, fui'nish excellent material 
for lithographic purpo.sc':, 'fhe best varieties were obtained from 

the valley of the TuNOAUirADKA R. in Kurnool ; from DACiiAriLU 
(16° 36'; 79° 48') in Guntur; and from KoxuArinij (16° 37': 80° 
36') and Jagcayapktta (Batavoi.k, 16° 53' 30" : 80° 9') in the 

Ki.stna district. Benza (llO- — b 45) remarks that limestone simi- 

lar to that used in lithograph v occurs at CfiiA'TAi’n.r.i (16° 42' : 
80° 12') on the Kistna R. (B. 557)! 

^ PUNJAB. 

Miaiiwali.— Fleming (591—5, 265) mentions a yellow argilla- 
ci'ons limestone, probably of Jurassic ago, occurring in the Bakh 
ravine near Namal (32° 40' : 71° 52'), as po.ssibly snitahlo for 
lithographic purposes. According to Badcn-Powell (60 — 1, Vol. R, 
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LITHOGRAPHIC STONE -MAGNESITE. 


45), this stone is somewhat soft and not suited for work recjuiikif^ 
shai'jmess of definition (B, 559). 

RAJPljTANA. 

Jfaisaliner. — In 1829 a yellow fine j^i'ained limestone, occunin'r 
at Deori CiiAKARDHA, 5 milcs to the N. W. of Huttu (? Hadoa, 
27'" 25' : 70" 42'), was recommended by Koileau for trial as a litho 
graphic stone {see Prinsep. 1436 — 3 , bO). A report on this mateiiai, 
with full directions for grindiiig and polishing the stone, together 
with a re])roducti()n of a drawing made upon it, was given by K. 8. 
in a subsequent volume of the ‘ Gleanings in Science ' (1540). It is 
stated that the stone is not suitable for fine chalk drawings, but can 
be used for ordinary purposes with the usual materials (B. 558). 

UNITED PROVINCES. 

Alniora. — Herbert (827—10, cxiv) mentions the occurrence of a 
Soft argillaceous limestone, ^sembling lithographic stone, near tlie 
village of Gun (29^ 32' : 80"^ 13'), on the descent from Pithoragarli 
to the Sarju K. 


MAGNESITE. 

BALUCHISTAN. 

.Thulawau. — Nunnu’ous veins (d a white miiieral, believed to ho 
magnesite, were found by Vredenburg (1851 — 30, 211) travnuMhig 
serpentine intrusions to the N, of Pania PAiNi, a cam])ing ground 
7 or 8 miles to the S. of Wad (27'^ 20' : C6^ 24'). The network of 
vnnns is said to be sometinn^s so dense as to render the hill sl(';)cs 
entirely white. 

BOMBAY. 

Idar. — Considerable quantities of magnesite were observed hy 
Middlemiss (1219- -30, 53) ill connection with the steatite depusiLi. 
occurring near Dev Mori (23^^ 39' : 73° 28'), also at Kokapur 
(23° 31' : 73° 27'). 

MADRAS. 

Bellary. — Small veins of magnesite were noted by Foote (596— 
30, 136) at the south-eastern end of the Suji Konda ridge n?ar 
Daroji (15° 15' 30": 76° 43'), traversing hematite qiiarteites. 

t'oorg. — Veins of magnesite in peridotites have been found at 
Semngala (12° 22' 30" : 75° 34' 30"), and on the Cauvery R. above 
Fraserpi:t (12° 27' : 76° 1' 30"), but no details have been pub- 
lished ( 882 , 134). 
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MAGNESITE. 


fiurnooi. — Large quantities of inague.site are foiind in connection 
with steatite deposits at Maddavaram (15° :10' ; 78° 9'). and at 
MuHiLA CiiERUVu near Betamchkrca (15° *27' ; 78° 13'). The 
niineral is said to be of inferior (luality (862, 135). 

Salciu.— C halk hills (11° 12' : 78° 11'). The most noteworthy 
deposits of niagne.site in India are tlio,se of the ‘ Clialk liills,’ situated 
between the town of Salem and the foot of the Shevamy liiils. The 
employment of the minei'al in the mamifactnre of cement was pro- 
posed by Macleod in 182.5, bnt the first adequate descriptions of the 
character of the depo.sits were given by Benza (110—2, 22) in 18:>(i, 
and by Newbold (1294 — 29, Idl) in 1812. Full paitienlars, inclnd- 
ing an account of the geological relations of the deposits, were sub- 
sequently given by King and Foote (988, 312) in their joint memoir 
on the. geology of the district (B. 138). 

More recently (1895), a detailed survey of this area was carried 
out by Middicmiss, from wliosii reports (1219 — is, 3G ; — 20 ), and 
that of King and Foote, tlie following particulars are taken. The 
magnesite occurs over an area of about 4| square miles, forming 
ail intricate network of veins, rarely exceeding 2 or feet in width, 
and usually mucli smaller. Owing to their superior resistance to 
weathering, Oie veins stand out from the surrounding j*ocks, giving 
a peculiar rugged aspect to the surface of the hills. The relative 
proportion, by volume, of the magnesite to the wliole of the rock 
is estimated by Middlemiss (I c., 37) as from oue-half to one-third 
over an area of about 130 acres, and from oiio sixth, to one tenth 
over an area of about 1,140 acres. The remainder of the tract 
contains only thin veins and patches of magnesite, impossible of 
estimation. 

The iritiinate association of the magnesite with dunite, an ultra- 
basic I’ock of intrusive origin, was noted in 1892 by Holland (859—5, 
114). Further close study of the petrology of the area led the same 
observer (859 — 30 , 134) to the conclusion that the magnesite ori- 
ginated , not by the conversion of serpentine derived by the ordinary 
in’*a(’ess of hydration from the olivine of the dunite, bnt independently 
dii’ough the action of carbonic acid upon the olivine, under 
conditions of high temperature and pressure. Tlie alteration into 
magnesite is therefore not merely a superficial phenomenon, but may 
be expected to extend to a considerable depth. 

The economic development of the deposits, now carried on by 
the Magnesite Syndicate, Ltd., founded by H. G, Turner about the 
year 1900, has been described by an anonymous Avriter in tlie 
Quarry (35 — 64 )^ and by Dains ( 405 ); while Burlton ( 234 ) has 
described the employment of the mineral in the manufacture of 
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cement. The greater portion of the iiiagne.sitc quarried ^ in Salem 
is liglitly calcined on the spot, and as ‘ caustic magnesia ’ has beeii 
shipped to Euro])e for use as Sort;! (.'ernent in the niaiuifactui’c of 
artificial stone, floorings, etc. ; but its purity renders it eininentlv 
suitable for employment as a refractory material in the lining of 
furnaces. Tin; production of ‘ dead burned ’ or ‘ shrunk ’ magnesia 
for this jmrpose has however practically been abandoned at Salem, 
owing to the cost of fuel (862, Kfl). 

Analvses published by Prinsep (1436 — 23, 510 ; — 2S), Goru)) 
Bosanez' (683), and llains (405), sliow that the mineral consists of 
40 to 18 per cent, of magnesia and 50 to 52 per cent, of carhouic 
acid, with a very small proportion of lime and insoluble matter. 

The average annual production of lightly calcined magnesia, at 
Salem, during the five years 1909 to 1913, was 2,159 tons, with a 
maximum of 4,380 tons iii 1913. In 1914 the outturn fell to 390 
tons, but a large increase took place in 1915. to 7,450 tons. 

KANr.rM.\i..ri: (11° 37' : 78° 7'}. An occurrence of magnesite 
in a depression at the N. \V. end of Kanjamalai hill was noted I)}' 
Holland (859— e, 142) in 1892. According to Middlemiss (1219— 
18, 37) the area occupied l)y the dunite, in which the magnesite 
occurs, is extremely small. 

V.Ai.AJY.rn.vrTi (1 1° 7' 30" ; 78° 17'). This locality is dosori!)ed 
by King and h'oote (988, 318) under the name MutunaiivKk..\patt[. 
and 110.?° about 3.f miles to N. by E. of Vaiaiyapatti. The magne- 
site is cxpo.sed, according to Middlemis.s (1219—18,38), over an 
area of about a mile by half a mile, aud is present in extremel}- 
small quantity. 

King and Foote (988, 320) also mention the occurrence of small 
veins ()f magn(;sitc along the crest of a low ildg;; about a mile to tiic 
B. of P.wiTTiRAM (11° 8' 30" : 78° 25'), and in a small valley on the 
eastern side of Lswaramauvi (IE 31 : 78^ 28). 


TrichiiHi|H»l.v.— Benza (110—2, 22) has recorded the occurreuci; 
of magnesite at YtiMCHiconi’-M ('0 near Trichinopoly, and a ‘pipe 
containing magnesite, the exact locality of which is not given, has 
been described bv Ouchterlony (1348—2, 285). A hill lying some 
miles to the N. \V. of MusiKi (10° 57' : 78° 30') is also stated I'}' 
Muzzy (1278, 92) to be partly composed of magnesite aud brueite. 

King and FAjote (988, 320 seq.) have described occurrences M 
magno.site, in the form of thin veins in travertine supposed to haAc 
been depo.sited by former springs,' at the following localities • 

About a mile to the S. of K.'VJAeipatxi (11° 11' 30" : 78° 30 
30"). 
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Between Tibuppangali (10'’ 56' : 78* 42' 30") and Tiram- 

' , palayam. 

About half a mile to the S. E. of Valikandapuram (11* 19' • 

78* 59'). 

MYSORE. 

Ilassan.—Veins of magnesite u]) to a foot in width are found, 
according to Sambasiva Iyer (1548—10, 61), in a patch of duuitc 
on the eastern slopes of Ennaiiole E angappanbetta (12* 47' : 
76° 20'), a hill situated about 3 miles to the E. of Hole Narsipur. 

Mysore. — Deposits of magnesite, oecurriug at tlie following 
localities, have been described by Primrose (1431— s, 239 ; — 9) ; — 

Mavinhalli (12° 13' : 76° 36'). Four dei)osits were found in 
the neighbourhood, of which the largest is situated to the W. of tlui 
village, and covers an area of about half a square mile. The 
magnesite forms a network of veins in a fawn coloured rock asso- 
ciated with hornblende schist and quartzite. The other three 
dej)osits lie to the north, and are much smaller in area. 

IvA'nuivOLA (12* 11' : 76° 44'). Magnesite was found at nine 
■places surrounding the village, under -the same conditions as at 
Mavinhalli. The large.st deposit lies about 2| miles to S. S. W. of 
the village. 

A deposit of magnesitqj^ said to be fairly large, occurring on a 
rise of about a mile to the kS. W. of Kupya. (12° 17' : 76° 53'), is 
mentioned by Balaji Kao (68 — i, 100). The same observer has also 
noted (68 — 5, 152) the occurrence of a small patch of the mineral 
about three quarters of a mile to the W. of N.agval (12° 20' : 76° 
.31'). 

RAJPOTANA. 

niiugarpiir. — Darn [see Hayden, 793 — 31, 27) has reported the 
occurrence of considerable quantities of magucsitc in the western 
portion of the State, on the same line of e.x;posures as those notcM 
by Middlemiss at Dev Mori and Kokapur, in the neighbouring 
State of Idar, Bombay Presidency. 

manganese. 

Among recent advances in the development of the nuneral 
resources of India, none is more striking than that of the manganese 
industry, which for some years past has disputed with Russia the 
leadership in the world's production of the mineral, and iu most res- 
pects holds the first place as regards the quality of the ore. The 
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industry dates from the year 1891, when a Company was formed for 
the purpose of opening up the deposits of the Vizagapatara district iji 
the Madras Presidency. Before that year the literature of the subject 
was confined for the most part to casual references to isolated 
occurrences of the mineral in various parts of the country, with the 
single exception of the ores of Gosalpur and Sihora in the dub- 
hulpore district, which received much attention between tlie years 
1880 and 1890; though it has now been ascertained that the eco- 
nomic value of these ores, in comparison with that of the lich 
deposits in other parts of the Central Provinces whose existence 
was then not even suspected, is of little practical importance. It 
was not until the industry had been established for many years 
in a sound and flourishing condition that the subject was adeqnate.ly 
dcalt with by the Geological Survey ; but this reproach was removed 
in 1909 by the publication - of l)r. Fermor’s exhaustive memoir 

( 577 — 32 ), of which Part I discusses the mineralogy, Part II the 
geology, mode of occurrence and origin, Part III the ccoiromic 

development and exploitation, and Part IV the distribution in the 
field, of the manganese ores of India. 

In addition to this work, from which the notes given below are 
mainly taken, information of a general character is sup[)lied by the 
following writers : — 

1881. Ball (71—4.7, 326-332). Summary of previous in- 
formation. ■* 

1906. Fermor (577 — 14 ). Describes briefly the mode of 

occurrence, origin, and distribution of the manganese 

ores, with remarks on the prospects of the industry. 

1906. Holland (859 — 56 . 94). A summary of Fermor’s in- 
vestigations. 

1906, 1908. Venator ( 1836—1 ; — 2). Essays on the 

demand for and valuation of manganese ores, and on 
their production and consumption by various countrie.s. 

1907. Ghose (652—1). Companis the Indian manganese 

industry with that of Russia, Brazil, etc., with a brief 
account of the Indian deposits. 

1907. Martell ( 1178 ). De.scribes the mode of occurrence of 
the Indian dcjrosits. 

1913. Hanig ( 756 ). An account, of the manganese deposits 
of British India. 

The economic aspect of the industry, especially the composition 
and valuation of the ores exportfid, are fully discussed in the Quin- 
fjuennial Reviews of Mineral Production (859 — 50 , 55 ; 861 , 128 ; 
862 , 135). 
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In accordance with their geological relations and mode of origin, 
the manganese ores of India are classified as : — 

(a) Ores associated with the ‘ kodurite ' series of Oaiijaiu and 

Vizagapatain. The kodurites are a group of intrusive ig- 
neous rocks (possibly hybrids, see p. 352) consisting typi- 
cally of manganese garnet (spandite), orthoclase felspar, 
and apatite in varying pro])ortioiis. From these the man- 
ganese ores have been developed by secondary changes 
brought about by the percolation of aqueous solu- 
tions charged with carbonic acid and alkaline car- 
bonates, resulting in the concentration of the man- 
ganese into ore bodies, accompanied by the formation 
of lithomarge, c^rt, and opal. The depth to which 
the ores extend is therefore ]n‘obably determined by 
that of the zone of weathering in past times. 

(b) Ores occurring in the Dharwar rocks, either as consoli- 

dated beds of chemically deposited manganese oxide, 
or associated with the ' gondite ' series, a group of 
highly metamorphosed manganese — silicate-rocks result- 
ing from the alteration of the less pure mangauiferous 
sediments. From those the ore bodies have been 
formed by subsequent oxy-alteration at considerable 
depths. It is believed that this alteration took place 
in late Archaean times, and it follows that the ores 
may be expected to extend in places to as great a 

depth as the rocks of the gondite series (Fermor, 
577— 30 , 9). Occasionally the ores are associated 

with crystalline limestone. The gondite ores are typi- 
cally developed in the Central Provinces, 

(c) Lateritoid ores, occiuriug in places on the outcrop of 

the Dharwar rocks, and formed by the surface replace- 
ment of the constituents of these rocks by manganese 
introduced in solution by percolating waters, sometimes 
with subsequent segregation. 

(d) Ores occurring in true lateritcs, as in Goa. These 

are probably formed by segregation during the forma- 
tion of the laterite. 

In addition to these main groups, manganese ore is occasionally 
loiuid in rocks of various ages, from Purana (Bijawar, etc.) to 
Recent; but in none of these cases is the ore of; any commercial 
value. 
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• The production of manganese, ore in India increased steadily 
from 674 tons in 1892 (at the Kodur mines, Vizagapatain) to a 
maximum of 902,291 tons in 1907, During the five years 1909 to 
1913, the average annual output was 712,797 tons. In 1914 the 
production anftunted to 682,898 tons ; in 1915, owing to abnormal 
conditions, it fell to 450,416 tons, but in 1916 it rose again to 
645,204 tons. 

N. B . — References to Fcrraor’s memoir on the manganese ores of 
India (677 — 32 ) are dci’.oted below by the letter F. 

ANDAMAN ISLANDS. 

Balmi Creek (13° 3' : 92° 53'), in North Andaman I. 

Nests of manganese were found in quartzite of pre-Tertiary age by 
Tipper. They are of no ecoiroraic value (F. 613). 

BALUCHISTAN. 

Jhalawan. — Fifteen tons of manganese ore w'crc raised during 
1907 from a deposit at the foot of the Pab hills, about 70 miles 
from Karachi. 

Fragments of psilomclane were picked up by Tipper (1787 — 5, 
215) near the Shekran lead mines (27° 53' : 66° 28'). The ore 
probably formed part of the gangue of the lead ores (F. 613). 

, BENGAL. 

Burdwau. — Piddington (1405 — i, 173) gives analyses of iron ores 
from several loealities not shown on the map. Two of these, from 
Malchaiti and Paolta Kanowa, are manganiferous ores containing 
16 and 10'25 per cent, of manganese oxide respectively (F. 614). 

24-Parganas. — On the beach near Silver Tree G. T. S. (21° 58' : 
88° 12'), numerous small pisolites of manganese ore are reported by 
T. Munro to occur just above high water mark. The origin of the 
nodules is not known (F. 631). 

BIHAR AND ORISSA. 

Gangpur. — Gariajhor (22° 3' : 84° 12'). Discovered by 
Schragei in 1907, and described by Fermor (577 — 37). Outcrops 
of manganese ore occur in a band of gondite rocks extending from 
Kendmal, S. W. of Gariajhor, to Kusummunda, about 3| miles 
to the N. E. The most important ore body forms the crest of 
Gariajhor hill, and is about 720 feet in length by 10 to 20 feet thick. 
Range of analyses ; — ^Mn=45'48 — 58-64 : Fe=l-70 — 16 33 : SiOjjes 
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0*65 — 11-20 : P“0-08 — 0-15 j)er cent. Average annual production, 
1909 to 1913, 32,112 tons. In 1914, the output was 6,070 tons ; 
in 1915 nil ; and hi 1916 2,832 tons. 

liazaribagb. — In 1850 Piddington (1405—38) desi^^Pibed a variety 
of manganese garnet from Ka^'Kamhandi (24° 7 ' : 85° Ki'), to which 
he gave the name 'calderite.' On analysis the mineral yielded 21 
per cent, of manganous oxide. Specimens of garnet from vSirsia 
( 24° 22' : 86° 17') also give a strong manganese reaction (F. 182, 
615). 

KalaliaiHii.— Olatura (20° 20' : 83° 35'). Manganese ore con- 
taining 41*03 per cent. Mn was found by Walker (1872 — 3, 20) 
with iron ores on a hill near the village (F* 616). 

Maiibluini. — The iron ort\s from the Ironstone sliales of the Rani' 
ganj coal field, used l)y the P)arakar Ii'on and Steel (hmpany, contain 
a small percejitage of manganese, ranging from 1*4 to 2*5 per cent. 

(F. 614). 

iHayiirbliauj. — Traces of manganese ore liavo been found by 
Bose (173 — ' 20 , 170) near KuuAxVA, about 8 miles tr> the N. of 

Baripada (21° 56' : 86° 47'). The ore occurred in laterite, close 

to an outcrop of barided blackish quartzite (F. 617). 

iWoii^hyr*— K atnowa hill.s (24° 57' : 86° 20'). Loose blocks 

of manganese ore are reported to occur at the foot of these hills 
and in the hill itself. A sample yielded on analysis 28-26 per cent. 
Mn with a little baryta. The quantity available is said to be small 
(F. 617). 

Hinghblmni.~-CHAiBASA (22° 33' : 85° 52'). Ball (71—40, 146) 

has recorded the occurrence of manganiferous hematite and limoaite 
in a ridge to the S, of the town. The ores are of a lateritic character 
developed on the outcrop of Dharwar phyllites, sandstones, quartz- 
ites and grits. Deposits have been located at the following places 
in this neighbourhood : — 

Bistampur or Matagota (22° 27' : 85° 51'). Ore occurs in a 
group of hills a quarter to half a mile to W. N. W. Area of largest 
deposit about li acres ; in places 2 feet thick. Analysis : — Mn- 
46-89; Fc-1-37: 8102-3-15: P-0-27 per cent. (F. 629). 

Gitilpi (22° 31' : 85° 52'). l^silomelane occurs in thin layers 
associated with limonite. Analysis : — Mn— 48*01 : Fe— 6-10 : Si02 
■=2-45 : P=::;0*35 per cent. (P. 626). 
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Kalenda (22'’ 29' : 85° 52'). Psilomdauo occurs with limo- 
nitc. Said to be about a foot, thick (F. G28). 

Lagia (22° 32' ; 85'° 4G'). Ball (71 — to, 117) mentioas tbe 
occurrence of iron ore rich in manganese. 

M.vtk.vmhatu .(22° 32': 85° 51'). Manganiferous limonite, 

portions of which contain 21 per cent. Mn, occur in a group of hill- 
ocks half a mile to E. S. E. of the road to (Jhaiba.sa. The highly 
manganiferous portion of the deposit is about 70 pace.s in length 
and 50 feet wide (F. G23). 

Tekra.sai (22° 31' : 85° 52'). Layers of psiloinelano to 1 inch 
thick, forming a nearly horizontal bed of ore from 15 to 21 inches 
in thicknes.s. Covers only a small area. Analysi.s (picked .sample) : — 
Mn 48-08 : Fm--l-22 : ”SiO..--8-30 : P-.0-42' per cent. (F. 625). 

Tutuoutu (22° 29' : 85° 50'). Depo.sit situated about IJ mile 
to S. of \nllago, 8late.s and phyllite.s with intercalated layers of 
psilomclane from 1 inch to G inches thick. About 1,000 tons of 
ore were extracted during 1907 (F. G28). 

Leda niLU (22° 28' : 85° 26'). lliscovered by Saubollo in 1907. 

The ore occur, s at the cre.st of the hill, which is about half a mile 
in length, iuixed with iron ores and containing residual patches 
of quartzite or slate. No large (piantity is available at any one 
spot (F. 630). 

During the y(!ars 190G and 1907, 2,933 tons of ore were raised 
from the Gitilpi, Kalenda, and Tutugutu deposits. An output of 
507 tons of ore from the district was recorded in 1015, and only 2 
tons in 1916. 


B().MBAY. 

Bclgauni. — Buimgad^ (15° 35' : 74° 21'). Foote (596—12, 56, 

259) records the occurrence of dark brown earthy wad, containing 
20 per cent, of manganese peroxide, as a product of weathering on 
the surface of dolomite near the east gate of the fort (F. 634). 

Manikehri (16° 10' : 75° 8'). A vein of manganese ore, about 
3 inches in width, was observed by Newbold (1294 — 4i, 275) in 
Kaladgi quartzite (F. 633). 

Nagargali (15° 24' : 74° 41'). Nodules of manganese ore in 
laterite are reported by Maclaren to occur here (F. 642). 

Nersa (15° 35' : 74° 30'). Thin bands of manganese- ore occur 
in soft decomposed Dharwar schist. Forty tons of ore were ex- 
tracted in 1905 (F. 639). 

Talevadi (15° 33' : 74° 22'). Discovered by T. B. Kantharia 
.in 1904. Concretions of psilomelane with some pyrolusite and wad 
are irregularly distributed through laterite resting on Dharwar 
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schists and slightly manganiferous limestone. The concretions 
sometimes measure 3 ieet in diameter but decrease in size and hard- 
ness with depth. At one spot the ore was compacted into a mass 
covering about 180 square yards, and 8 feet thick. Range of ana- 
lyses (14 samples): — Mn=8-23 — 60-85 ; Fe==5]^-88 — 0-10: SiOj^ 
0-6^2-70 : P-0-011—0-119 per cent. (P. 635). 

During the years 1905 to 1908, 2,778 tons of ore wore rai.sed 
from this deposit and despatched to Mormugao. 

The origin of the laterite at this locality, and of the ores accom- 
panying it, has been discussed by Maclaren (1134 — s. 538). 

Tawaroatti (15° 2.5' : 74° 44' 30"). Small quantities of psilo- 
melane and pyrolusite occur as nests and linings to cracks in quart- 
zite, about a mile to the E. of the railway station (F. 642). 

Bljapur.— Bagalkot (16° 11' : 75° 46'). According to Aytoun 
(61 — 2, 33, 46, 49, 54, 57), fragiiK^nts of manganese ore are scattered 
in considerable abundance on the surface between Bagalkot and 
Kaladgi, and in a valley on the further side of a range of low lulls 
S. of Bagalkot. Veins of manganese ore were also seen in limestone 
near the town. On the other hand, Foote (596 — 12, 31) says that 
he observed pyrolusite and psilonielane in this neighbourhood only 
in very small (juaiitities (F. 640). 

Ingleswara (16^ 39' : 76"^ 5'). Newbold (1294—32, 1002) men- 
tions the occurrence of veins of manganese in laterite, and of nodules 
containing cavities filled with impure earthy manganese, among 
the debris at the foot of laterite cliffs S. W. of the village (F. 640). 

“‘“‘"J’.y*].— C hik Vadvati (1.5° 10’: 75° 47') and Keujr (15° 

(Sangh) j . , V 

9' : 75° 50'). In 1840 Newbold (1294—1-9, 44) reported tlie dis- 
covery on the Kappadgod range, about 2 miles to the E. of ‘ Chick 
Wodoorti,’ of a black mineral which was identified by Braddock 
51) as manganese ore. The occurrence was afterwards 
described in greater detail by Newbold ( 1294 — 29 , 212). The ore 
occurs in masses of considerable size over a wide area. Recent 
prospecting work has shown {see Maclaren, 1134 — 4, 128 ; Ahlers, 
16 — 1, 451) that the ore is developed on the outcrop of hematite 
quartzites of Dharwat age, and that it is too irregular in distribution 
and variable in quality to be of economic value. Range of ana- 
lyses (10 samples) : — ^Mn=19-45 — 38-48 : Fe=13-3 — 25-3 : Si02=^ 

7 — 31 per cent. (F. 644). ^ 

Similar deposits occur further to the south near Hamigi (15° 3 : 

76° 64'). 
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Shirhatti (15° 14^ ; 75° 38^ 30’^). Fragnieuts of manganese oro 
are said to have been found on the fields to the S. W. of the 
village (F. 646). 

North Kanara.— SupA (15° 16' ; 74° St* "SO"). Lateritoid ores have 
been found over a wide area to the N. and N. E. of the village, 
resting on' the outcrop of banded hematite quartzites of the Dhar- 
war series. The ores are not concentrated in workable quantity 
at any one spot. The (piality is very variable, but the percentage 
of silica and phosphorus is uniformly low (F. 649). 

Palanpur.— E ohtj (24° 24' : 72° 42'). So]ne brownish jaspery 
quartzite with secondary psilomelanc w'as found by Ikidyanath 
Saha at a spot 2 miles to the N. of the railway station. Manganese 
garnet was also found at Hoshanpur (24° 16 ' : 72° 36')— (F. 650). 

PaiK'h Mahals.— SivARAJPUR (22° 25' 30" ; 73° <10'). The existence 
of manganese associated with magnetic iron ore in this neighbour- 
hood was reported by Blanford (148 — 22, 341) in 1869. Develop- 
ment work has proved the existence of ore bodies of ; considerable 
size,' distributed along the crest of a ridge to the S. E. of the village 
f(H’ a distance of aboiit 3 miles. The ores consist of })silomelane 
with some braunite, and pyrolusite, formed *main]y by replace- 
ment of limonite quartzites of the (lhampaner (— Dharwar) series; 
but some compacted manganiferous sediments may also be present. 
The deposits have been worked since 1905 by the Shivrajpur Syndi- 
cate, Ltd., and an adjoining deposit on Bamankua Hill since 1907 
by the Bamankua Manganese Co., Ltd. Range of analyses (4 
samples) Mn=30-20~49-35 : Ee=3-05— 6-25 ; Si02-=2-80— 40-65 : 
P=0-16— 0-25 : HoO^-O-SO— 0-40 per cent. (F. 651). 

The average annual production of manganese-ore in this district 
during the ll years 1906 to 1916 was 29,257 tons, the output in 
1916, — 66,160 tons — being the highest recorded. 

Ratnagiri. — Aytoun (61 — 3, 82) has recorded an occurrence of thick 
veins of manganese ore in latcrite at Rairi (Rem, 15° 45' : 73° 43') 
Point. An output of 525 tons from the district was recorded in 1910. 

Rewa Kantha. ■) , ^ i. f -r -or * t 

(Chota Udaipur)/ “ manganese ore 

from Chota Udaipur is recorded in the returns of mineral pro- 
duction for 1914 (793—33, 171). No description of the deposit® 
has been published, but it is said to be situated near the village 
of Pani (22° 29' : 73° 51'). 
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(\arukot).— JoTHVAi) (22° 23' : 73° 470. The mode of oecur- 
rence of manganese ore here is cited by Ferinor (577 3C, 4) as an 
indication that the alteration of the manganese silicates of the Dhar- 
war series took place in Archisair times. A small hill situated half 
a mile to the N. of the village consists of banded gneisses, including 
several varieties of gondite and manganiferous limestones. These 
rocks are penetrated by intrusions of Archajan granite, enclosing 
fragments of the manganese silicates and manganese ore, which wore 
presumably in existence at the time <d the intrusion. The oics arc 
of no economic value (P. 64G). 


(Ka.j|)i])Ia). — The iron slags already noted under the heading 
IRON, ill the neighbourhood of Limodra (21° 44' : 73° 12 30 ), are 
said to contain traces of manganese (F. 661). 


Satara. — At a number of localities on the basaltic plateaus of 
Mahableshwar and Yeriili, concretionary nodules of psilomelano 
are found in some abundance scattered through clayey soil resting 
i’.ninediatdv upon decomposed trap rocics. Ihe nodiili'S usually 
occur near" the base of laterite cappings, but have not been iouiid 
in the laterite it.self. They have probably been formed in the soil 
by the accretion of particles of manganese oxide derived from the 
trap. The quantity as yet observed at any one place is not suffi- 
cient to warrant exploitation. Range of analyses (4 samples) 
Mn—37-ri8-— 45-62 : Fe— 4-40— 9-25 ; 8102^=2-90— 4-75 : P—0-036 - 

0-098 ; 1120=1-70—2-50 per cent. (F. 661). 

Deposits have been found at the following localities :— 


Awkau 

Bhekauli 

ClITKHLI 

Lingmala 

Mauusar 

Metgotar 

SlNDOUA 




[ All in the neighbourhood of Maha»leshwar (17° 
f 56' : 73° 43'). 


Tekowiu J 

Kas (17° 43'; 73° 52'). 

Khanapur (17° 15' ; 74° 47'). 

Wax (17° 57' : 73° 57'), on the Yeruli plateau. 


BURMA. 

Amherst.— O’Riley (1340-3, 733) says that he found grey o-Kide 
of manganese in tie ‘secondary formation’ on the Tuaungvin 
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and. Gyaing rivers. Its occurrence in the district has also been 
reported by Mr. II. Thompson (F. 6G1)). 

Iiisciii. — According to Romanis (1511 — 4), the surface soil at 
Engsein (In.sein, 10° 5.^' : 96° 8') contains nodulo.s and bauds of 
inanganifcrou.s iron ore (F. CC9). 

Magwe. — Romanis (1511 — 8. 2) ha.s reported tlie occurrcnice of 
concretions of manganese oxidt; in the neighbourhood of Yenang- 
yaung (20° 28' : 94° 54'), probably in the ‘ Fossil Wood ’ group 
(F. 669). 

IMci'gui. — A black mineral occurring in considerable (piantities 
on the Thagxt and TtruRAJSwiN .streain.s, tributaries of the *Gt. 
Teuasserim R., and described by Treuicnhecre (1802 — .“i) as wad, 
was shown by Piddington (1405 — 2t) to be a carbonaceous substance 
containing no manganese. 

Manganese ore i.s reported by Mason (1185 — 48) and Anderson 
(.see xMallet, 1159 — ~>0, 61) to occur on .some of the islands of the Mer- 
gui Archipelago, especially on Gna islet, Padau baa', Kixu I. 
(12° 29' : 98° ' 25'). 

Specimens of tin stone collected by Hughes (see Records, G. 

1.. XXIV, 135) at Kumono, near Maliwun (10° 14': 98° 39')' 
were found on assay to contain a large proportion of manganese, 
present in admix'ed wolfram (F. 669). 

.Wyiiigjaii. — At the extreme north end of the Rabat anticlinal, 
hear Seiktein (21° 3' : 95° 19'), Pascoe (1369 — i. 248) noted the 
occurrence of blocks of a. detrital lime.stone, consisting hugely of 
bryozoan and foraminiferal tests, the material of which has been 
replaced by brown oxide of manganese (F. 670). 

Sagaing. — Prinsep (1436 — lO, 15) has de.scribed a .specimen of 
black oxide of manganese, forwarded by Major Burney from Ava. 
The locality is not mentioned (F. 671). 

Salween. — ^Wad was observed by Romanis (see Mallet, 1159 — 50 , 
62) as a thin film coating the rocks near Yetagon, a few miles above 
Yinbaing (17° 24' : 97° 49') on the Salween (F. 671). 

Touiigoo. — According to Theobald (1763 — 10, 267), the nodular 
iron ore characteristic of the uppermd.st bed of the ‘ Fossil Wood ’ 
group in eastern Prome is represented in Toungoo by tabular 
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masses and irregular nodules of manganese ore, on the low range of 
, hills dividing the Yayuay and Being Kyaung from the Sittang R. 
A sample analysed by Tween yielded 28 per cent, of manganese 
^oxide (F- 671). 

CENTRAL INDIA AGENCY. 

Bliopal.— Kanugaon (23° 15' 30" : 77° 26'). Irregular nodules 
of psilomelane, up to 6 inches in diameter, apparently weathered 
out from Vindhyan sandstones, occur in the lower layers of the 
surface soil. The quantity observed is small (F. 672). 


(^iniaiipnr) } — manganese ores of this area are found 

teplacing the matrix of a peculiar breccia, resulting, it is sup- 
posed, from the lateritisation of the superficial Bijawar rocks before 
the deposition of the overlying Lameta (lower Cretaceous) formation. 
The following occurrences, none of which appears to be of economic 
importance, have been noted (F. 672-676) : — 

Kanar (22° 28' : 76° 12'), E. side of hill 925 feet. Small d(qn)sit 
consisting of patches of pyrolusite in quartzite breccia, not exceeding 


2 feet in thickness. 

Katotia (22° 24' 30" : 76° 22'). Manganiferous and ferruginous 
sandstone with a calcitic cement. 

Kheria Kund (22° 29' : 76° 22'). Mixed wad and o(dire, 
-occurring in a tributary of the Ghorapacliar R., to the' N. of the 
village. 

Pan Kuan (22° 32' : 76° 22'), Bijawar limestone coated with 


pyrolusite to a depth of 2 to 3 inches. 

PoLA Khal (22° 28' : 76' 20'). Concretionary psilomelane 

forming the matrix of Lameta conglomerate. Analysis : — 

.20-29 : Fe”3-65 : P^^^O-OIG per cent. 

Ratagarh (22° 25' : 76° 17'). A single boulder consisting pro- 
bably of hollandite. 

W. S. W. of hill 888 feet (22° 27' : 76° 20'), Calcareous wad, 
probably replacing Bijawar limestone. 


Dholpur. — A supposed occurrence of manganese ore at Kesar- 
bagh (?) was found on investigation by Heron (see Hayden, 793— 
31, 21) to be of no economic value. The manganese is deposited 
in the form of thin plates along joint planes. 


. fiwallor, — Some impure psilomelane has been found by K. R* 
Kulkarni on a hill situated a quarter of a mile to the S. of Beuat 
“(26° 10' : 78° 36'), in the Gwalior (=Bijawar) series. Mallet (1159 
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—CO, 59) also records the receipt of specimeus of niaiigauite front 
the State (F. 676). 

Indore.— Manganese ore occurs under tho same conditions as 
in the Dhar Forest at the following places (F. 676) : — 

Barel (22° 23' : 76“ 7'). In a band of siliceous Bijawar breccia., 

Bhamar (22° 21' : 76° 43'). Black iinpregnations in breccia 
associated with Bijawar rocks. 

Kanar R. (22° 26' : 76° 13'). Wad forming the matrix of .sili- 
ceous breccia. 'Ihe same mineral also occui's in breccia and in 
Lamcta grits, in a sjtiall tributary of the Kanar R., about 3 miles 
to the N. E. of Katkut (22° 25': 76° JO'). 

Jliabua.— K ajlidongri (22° 57' ; 74° 32'). The ores here are- 
associated with .sericitoid pliyllitcs, goudite rocks, and (|uartzitcs 
belonging to the Aravalli scries. They form a, bed about 20 feet 
tiiick, kept at the surface bya series of folds in such a manner that 
the apparent thickness of the oi-t! body reaches about 250 feet. The 
outcrop cxteiids for a length of about 1,000 yards. The 
deposit is of a complex character, the northeru portion consistiivg 
largely of braunitc resulting from the alteration of the gond'te, 
while the southern portion is a fine grained mixture of psilomelane 
and braiinite, partly rej)rcsenting original inanganiferous sediments, 
and partly due to the replacement of the quartzites by manganese 
oxide. Range of analyses : — ^Northern portion, Mn--46 — 52 : Fe— 
Si02--7 — 11: P—0-15—0'30 per cent. Southern portion, 
Mn— 46 — 48 : Fc— 8— 9 : Si02--6— 9 : f^^O-OS — 0-25 per cent. BcKh 
varieties contain a small percentage of baryta (F. 679). 

This deposit produced 190,5,19 tons of ore between the years 
1,903 aiid 1913 inclu.sivc. Since the year 1910 the output lias 
declined. In 1914 it was 6,612 tons, and in 1915 it fell to 366 tons, 
whilst no production was recorded for 1916. 

Rambhapur (22° 55' : 74° 33'). The existence of an outcrop 
ot manganese ore at Pi])loda, half way between Kajlidongii and 
liambhapur, indicatc.s that these deposjt.s are genetically con- 
nected. That at Rambhapur is composed of alternate la}'ers of 
we and red quartzite, forming a bed probably JO feet thick, re- 
peated by folding. Length of outcrop about 250 yards. Average 
analysis (2 samples) : — Mn=^45-10 : Fe— 6-88 : SiO^— 8-55 : 1°— 
0-175 per cent. (F. 687). 

Manganese ore has also been observed by II. Walker (ace Holland,. 
859" — 66, 47) at : — 

Amlamal (23° 0° : 74° 28' 30"). A thin lode in fine graiued' 
spessartite-quartz rock. 
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PiTOL (22^ 47' : 74° 31' 30"). Low grade ore, intcrlaminated with 
quartz, occurs in a mound about a mile to the S. E. of the village. 

Tumdia (22° 45' : 74° 32'). A small outcrop of white quartz- 
ite, 2 to 3 feet in width, containing veins and lenticles of manga- 
nese ore.. Boulders of a similar rock were seen between Nagan- 
kheri and Mandli, close to Tumdia (F. 689). 

CENTRAL PROVINCES. 

Bidagliat. — The manganese deposits are confined to a belt of 
country about 75 miles in length, and 9 miles in width, stretching 
across the central portion of the district from W. S. W. to E. N. E. 
In that portion of the belt which lies to the east of the Wainganga 
R,, the ores occur near the base of the Chilpi Ghat series, a group 
of slaty and schistose rocks probably representing the Dharwars, 
but comparatively free from the intense metamorphisiu which has 
affected this system in other areas. To the west of the river the 
ores occur among more highly metamor})hosed rocks, with which are 
sometimes associated calcareous gneisses ; the former were considered 
by Fermor to represent a more highly altered facies of the 
Chilpi Ghat series; but it is possible, as Burton has shown (see 
Middlemiss, 1219 — 31 , 131), that the whole of these rocks belong 
to an older group of altered sedimentaries, called by him the 
Sonawani series. 

Proceeding from west to east, ore deposits have been noted at 
the following localities : — 

I. West of the Wainganga : — 

Chandadoh (21° 42' : 79° 44'). A band of quartzw^e gondite, 
with a little soft black manganese ore, exposed about three quarters 
of a mile to the E, of the village (F. C98). 

Thikoki (21° 41' : 79° 47'). Five parallel ore bands are exposed 
in places, but usually from one to three only, over a total length of 
outcrop of 6 miles, between the villages of Jamrapani and Ponia. 
Tlie bands are due to the repeated folding of a single bed of ore. 
Much of the ore is of high grade, consisting of a hard grey 
mixture of psilomelane and braiinite, and "speckled ore,' a 
lead-like variety of psilomelane containing cavities filled with 
black powdery ore. The deposit produced 218,040 tons of ore, 
from 1902 to 1913 inclusive. Analysis (average of 6 samples) 
Mn-52-29 : Fe=-7‘77 : SiOo-S-SO : P-^O-ll : HsO-O-SS per cent. 
(F. 698). 

SoNEGAON (21° 41' : 79° 50' 30"). Interbanded grey quartzite 
and gondite with a little manganese ore, exposed about a quarter 
of a mile to S. W. of the village (F. 706). 
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Aejoni (21° 46' : 79° 57' 30")— Jam (21° 46' ; 79° .56'). Out- 
crop about ball a mile in lengtli, consisting of interbauded quartzite 
and gondite, with patches of ore of doubtful economic value 
(F. 706). 

Nandgaon (21° 49' : 79° 58' 30"). An obscure outcrop of 
gondite and manganese ore, half a mile to W. 15° S. of the 
village (F. 708). 

Kamrama (21° 51': 79° 59'). Outcrop about three-eighths of a 
mile in length, forming a low ridge about a mile ;to N. E. of the 
village. One or two ore bands are e.\posed, consisting mainly of 
good quality ore. Analysis : — Mn=52-78 : Fe— 7-83 : tSiOo=6-35 : 
P--0-09: H20-0-22 per cent. (F. 708). 

IVATANGjHERi (21° 50' : 80° 2') (a), (Shodan Hurki) about 
miles to N. N. W. of village. Outcrop about 500 yards in length. 
Hard grey ore interbauded with quartzite, passing into soft ore poor 
in quality towards the east. Analysis : — Mn— 53-96 : Fe— 5-97 : Si02 
-6-02: P=004: H20-0-23 per cent. (F. 710). 

(6) About a mile to W. 15° N. of village. Outcrop nearly half 
a mile in length, consi.sting of quartzite with bands of spessartite 
rock partly altered to ore. The only workable portion, near the 
N. W. end of the outcrop, consists of ‘ speckled ore,’ Analysis : — 
Mn=49 08 ; Fe=6-63 : Si02=-l-62 : P=0-11 : H..O-0-85 per cent. 
(F. 711). 

Bhui Hurki (21° 52' : 80° 2')» Ridge composed of spessartite- 
bearing rock, half a mile to E. of village (F. 713). 

Ballarpur (21° 54' : 80° 6'. 'i 

Bakoda (21° 55' : 80° 7'). > Ore said to’ have been found m situ . 

Botajhari (21° 49' : 80° O'). J 

Chaukuanui (21° 43' 30" : 79° 50').^ 

Chikmara (21° 44' : 79°-51'). I 

SiRPUR (21° 47' 30" : 79° 57'). I 

Koch.awahi (21° 48' : 80° O'). ^Fragmentary ore. 

Budruda (21° 47' 30" : 80° 2') 

SaOxVRI (21° 41' : 79° 62'). 

Nandhi (21° 41' : 79° 53'). 

A paleolithic implement made of manganese ore, found near 
Budbuda, has been described by Fermor (577 — 35). 

The following additional localities have been recorded by Burton 
(^ee Middleraiss, 1219 — 31, 115) : — 

Gola Hurki (?). Band 15 feet thick. 

Netra (21° 51' : 80° 4'). Band 16 feet thick. 

Biahtekor (21° 54' : 80° 5'). 

Chibarghat stream (21° 48' : 80° 1'). 
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11. East of the Wainganga. 

Balaghat (2r^ 48' : 80'^ 15'). The deposit is siti;at(?d about 
2| miles to the N. E. of the town of Balaghat, on a spur from tlie 
Baihar plateau. The total length of the ore band is If mile, and 
the maximum thickness about 45 feet. It consists in part of dull 
grey psiloinelane, sometimes containing cavities filled with black 
powder, and in part of light-grey crystalline hollandite, and is 
interbanded with red and black <|uartzite often replaced by manga- 
nese ore. The deposit has been worked since the year 1901, and has 
produced, to the end of 1913, 725;248 tons of high grade ore. Ana- 
lysis 52- G3 : Fe-*-5-28: \Si02-2-G2 : P-^0'05 : ILO-. 

d*r2 per cent. (F. 714). 

Laugur (21*^ 56' : 80'^ 25'). Ore band about 2,000 yards in length, 
and 2| to 6 feet in width, about half of which is waste (F. 726). 

GhoxiU (2f^ 56' : 80"^ 29'). An ore hand is reported to occur 
here on the horizon of the Balaghat deposit, but no details are aivci], 
(F.727). 

Ukua 58 ; 80*^ 32'). The ore band occurs on the same 
horizon as at Balaghat, and is exposed for a total kuigth of 3 miles. 
The maximum tliiekness observed is about 19 feet. The ore is 
variable in composition, the south-western portion of the band con- 
sisting mainly of liard grey, often cavernous, psiloinelane ; while 
the north-eastern portion consists of a mixture of psiloinelane and 
brauiiite. It is interbanded with (jiiartzitc and some goudite. 
Analysis (average of both varieties) : — Mn --51*51 : Fe--7'38 ; 

Si02=-3'86 : P--0-18 : ILO— 0*35 per cent. (F. 727). 

Manganese ore is also reported from the following localities, 
but without details (F. 732) : — 

Dhakampur (21" 58' 30" : 80" 37'). 

Kanartdha (21" 58' : 80" 39'). 

Jairasi (22" 4' : 80" 52'). 

Kurtjutola (21" 57' : 80" 18'). In scattered blocks. 

Parsatola (22" 2' : 80" 50'). Pebbles of iateritic ore. 

Dharpi^^ara (21" 53': 80" 15'). Pisolitic nodules of mixed 
oxides of iron and manganese. 

Bobraghat (22" 8' : 80" 47'). Quartz partly replaced by pyro- 
lusito and psilomelane. 

The average annual production of manganese ore in the Balaghat 
district, during the five years 1909 to 1913, was 159,156 tons. In 
1914 the output was 221,159 tons, in 1915, 180,609 tons, and 
in 1916, 264,032 tons. 
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Bhandara.— The manganese ore deposits of this district occur 
as , lenticular bands, associated with gondite rooks, in a .series of 
quartzites, schists, and gneisses, which forms an extension of the 
manganiferous zone of western Balaghat. The.se rocks occupy an 
area 20 miles in length, with a maximum width of 18 miles, in the 
uorthL-we.steru portion of the district. Three groups of deposits 
have been distinguished. 

Group I : — 

Kosumbah (21'’ 38' : 79“ 42' 30"). Outcrop seven-eighths of a 
mile in length, forming a line of low hillocks about a mile to the 
N. W. of the village. There are pos.sibly three lenticle.s of ori; on 
one line of strike. Of these the most southerly consists of a fine 
grained mixture of pailomelane and braunitc, while tho.se to the 
north, where the outcrop is from 20 to 25 feet wide, mainly 
consist of ‘ speckled ore.' Analysis (average of both varietie.s) : — 
Mn-50-62 ; Fe=^10-I0 : SiO.>=3-95 ; P-.0-138 : H.>0-0-4.0 per cent. 
(F. 736). 

SiTAPATHUR (21° 42' : 79“ 43' 30"). Ore band ti’aced, at intervals 
for a total distance of Ig mile. Width fu)m 12 to 20 feet. The 
principal ore body occurs on 8itapathur hill, where, it consists of a 
hard grey mixture of psilomelanr! and braunitc. In otlnsr pface.s it 
is represented by spessartitc-bearing ro(4v with j)atches of ore. 
Analysis :—Mn=:51-70 : Fc=8'14 : SiOo-O-lO: P-OTO ; H 2 O 

—0-17 per cent. (F. 739). 

SiTKLi (21“ 39' : 79“ 44'). Probablv an exten.sioji southwards 
of the Sitapathur band. Total length of outcrop about 450 yards. 
The ore is variable in character, eon.si.sting partly of ‘ speckled ore ' 
and partly of the braunite-psilomelane mixture. Total jn-odindion, 
1905 to 1913 inclusive, 123,715 tons. Analysis; — Mu— 54'07 ; Fe 
--4'30 : Si()o=.-2-30 ; P=0-13 : H. 2 ().-:l -00 per cent, (F. 742). 

IIatora (21“ 37' : 79“ 52' 30"). Ore band over half a mile in 
length. The outcrop comsists mainly of gondhai with little visible 
'■>r(!, but on development an ore body of workable dimensions was 
met with. Average analysis (2 .satuples) : — Mm-52-70 ; HiOo—l-lO ; 
P-0-071 per cent. (F. 744). 

Mtragpub (21° 38 ; 79“ 54'). Six separate nia.s.sc,s of (U'o are 
exposed on a group of low hillocks situated to the E. of the village. 
These are probably remnants of a single ore band, broken u]) by 
violent earth movements. The ores consi.st mainly of tlui hard grey 
hraunite-psilomelane mixture, interbanded with quartzite and 
gondite. There is also a considerable quantity of talus ore. Total 
production, 1905 to 1913 inclusive, 131,197 toirs. Analysis :—Mn= 
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49-81 : Fe=--8*74 : SiOo-5-89 : P-0-09 : H.>0-0-34 per cent 

(F. 745). 

Mohugaon CrTfAT (21® 37' : 79® 54'). Outcrop of gondite 4 feet 
in width, partly altered to manganese ore (F. 750). 

Pandakwant (21® 36' 30" : 79® 54'). Detrital ore, derived from 
the Miragpur deposit. Fragments of ore also occur about 350 yards 
to E. 8. E. of the tank situated on the S. E. side of the village (F. 
750). 

S.\LEBAj)i)T (21® 40' : 79® 56'). A small (juantity of detrital ore, 
found in pits situated about f mile to E. 12® S. from the village 
(F. 750). 

('iTiKHLA IT (21® 41': 79® 58). A small quantity of detrital ore 
of good qualitv. Analvsis : — Mn— 53-76 : Fe— 5-12 : Si02~6*47 : 

P-O OG : H^O-O-ei per cent. (F. 750). 

Group 11 : — 

IvuRMUKA (21® 32' : 79® 44'). Outcrop about 1| mile in length, 
forming the crest line of a range of hills. Maximum width of the 
ore band 40 feet, measured horizontally. It consists of goTidile, 
altered in places into ore of good quality ; partly a itiixture of brain 
nite and psilomelane, and partly of pyrolusite with psilonielatie, 
the latler probably predominating. Tbere is also a consicbs'able 
quantity of detrital and pisoliric ore. Average analysis (3 sanqiles) : 
— I\ln-5M1: Fe-5-58 : 8i02-4-09 : P- 0-22 : ‘ H2O-0-31 per 
cent. (F. 751). 

(’laKTiLA 1 (21® 33' : 79® 49'). Ore band traceable for about 2]- 
miles, with a maximum width of 80 feet, measiiiaM horizontally. 
The princi])al ore liody occurs near the western end of tlu^ baml on 
Bliainasnr hill, and consists of the braimite-psiloinolano iiiixtinv 
with numerons liands of gondite and quaitzite, traversed by veins 
and strings of quartz. Tbere are also deposits of talus ore from 15 
to 16 feet in thickness. Total production, 1901 to 11113 inclusive, 
384,452 tons. Average analysis (9 sarnplcvs) : — Mn— 50-69 ; 15' 

7-95 : SiO-8-16 : P-O-IM per cent. (F. 755). 

SiTASAONGi (21® 31' : 79® 48'). Four parallel ore bands, oecim 
ring along the crest and northern slopes of Dholi hill. Tire tliier 
nortliern bands are from 2 to 3 yards in width, and consist ol 
gondite with patches of manganese oi-e, proixibly of little econoju* v 
value. The main ore band, forming the ridge of the liill, Is trace- 
able for about 1,200 yards, and varies in width from 12 to 53 feet 
It is composed of interbanded gondite and (juartzite, with patch .a 
of workable ore towards the eastern end of the outcrop. There 
also a fair quantity of tains ore on the southern slopes of the hih 
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Average analysis (2 samples) :—Mn*-^53-29 : Fe:--4:'83 : 

6-26 : "P-0-085 : H.O-=()*21 per cent. (F. 7G0). 

Asalpant (2r 30' : 79^^ 43'). Outcrop about three (piarters of. a 
inilc in length, (‘onsisting of gondite interband(xl with (piart/, and 
(juart/lte, partly altered into very siliceous ore. No workable ore 
is visible at the surface (F. 763). 

Iv.vKU (2F 30' : 79"^ 45'). Outcrop situated on tlic S. E. slope 
,r)f a hill known locally as Say a ilurki, about a mile to the N. W. 
of the village. The ore band exposed is about three-eighths of 
a mile in length, varying from 2 to 12 feet in width. It is 

very variable in character, consisting of spessartite and rhodonite 
rock partly altered to ore, intcrban(hvl with vitreous (piartzitcs. 

Ore bodies of variable quality occur iu places, and there i.s a 
considerable quantity of talus ore (F. 7G5). 

Group III 

Pachaua (21^ 26' 30" : 79'^ 50'). The ore band fornrs a piactically 
hoi’izontal, lenticular bed, cropping out on tin', southern and south- 
eastern slopes of a quartzite Iiill, about a mile to W. N. \V. of the 

village. Tlui thicl;ness of the bed varies from a few iuOn^s to 5^ 

foO . It is co)uposed of the psilomelaiie-braiinite }nixtuj'e passing into 
soft dirty ore in places, mixed with linionite. Analysis : — Mm-^52*09 : 
Pe-3-8G : SiOo-2-Gl : P-O'IGG : If2()-M5 ^ per cent. (F. 767). 

The average annual production of .mangaiu^sii ore in the Bhaudara 
disti'ict, during the hve years 1909 to 1913, amountcHl to 118,961 
tons. In 1914 the output was 82,055 tons, in 1915, 78,627 tons, and 
in 1916, 86,344 tons. 

(lilaspiir. — Two oc(*urrences of manganese ore, in rocks ]ua|){>ed 
by King (987 — .S2) as belonging to the Ghilpi Ghat sfries. liave been 
briefly described by Keriiior (577 — 31). Neither of these appears 
to he of economic ijnportance : — 

Ratanpuk (22"^ 17' : 82^ 14'). Fragments of psilomelane, ]>yro- 
Ivisite and wad, scattered over the eastern slopes of a liill situated 
about a mile to N. E. of the villagxa The ores have apparently 
been formed by the sui'face replacement of fckspathic grits and 
<|uartzite, which were found to be (‘.emented and veined by ore 
V'itbin a depth of 6 feet, passing downwards into unalt(u‘ed rock. 

Gorakona (Kamrakhol, 22"" 19' : 8B 26'). The deposit con- 
sists of nodular fragments of psilomelane. and pyroluxite, with 
i’einnants of quartz, chert, and quartzite, and lias been traced for 
about three quarters of a mile along the foot of a hill between Gora' 
bona and Mnnmuna. 
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Chhindwara.—The tnanganifcroiis deposits of this district are 
confined to a portion of the valley of tlic Kanhau R., which has out 
down through the basaltic lava flows of the Deccan Trap formation, 
and exposed the underlying floor of Archaiaii rocks. The area in 
wliich the deposits occur jueasures 17 miles in length from north 
to south, with an average breadth of about 7 miles. The geology 
of the area has been briefly described by Datta (424 — 4 ), and with 
special reference to the petrology and occurrences of manganese 
ore by Fennor (577 — C). The ores, associated with manganese 
silicates (gondites and rhodonite-bearing rocks), form lenticular bands 
intercalated along the strike of a coniplex series of motamorphic 
rocks traversed by intrusive granites and pegmatites. Ore de])o- 
sits have been found at the following localities, proceeding from 
north to south : — 

Kaciii Dhana (2D 43' : 78^ 51'). The outcrop of the ore band 
forms a line of five hillocks, from 20 to 40 feet in height, extending 
westwards from a point souili of the village for about half a mile. 
The hillocks ajiparently correspond to the diweJopmont of separate 
lenticular ore bodies along tlic line of strike. Tflio ore varies in 
composition, part consisting of a compact mixture of braunite and 
psilomelane, and part of finely crystalline braunite, with a good d('d 
of unaltered s]>essartite rock, quartz and felspar, in places. A mass 
of pyrolusite, with geodes of calcite and quartz, was found in t\\() 
most westerly liillock. A coiisidoral)le quantity of high grade ore 
is available. Total production, lOOG to 1913 inclusive, 140,4015 
tons. Range of analyses (9 outcrop sairqiles) : — Mn-^51*87 
56-82 : Fe--2-82— 5-30 : SiOa-^MO— 16-27 : r-0-004— 0-135 per 

cent. (F. 773). 

OaimuivIt (2D' 46' : 78^ 54'). A lenticular body of ore 60 yanls 
in length 1)y 20 yards in breadth, forming a small hillock situated, 
on tin', soutliern side of a low ridge of quartzite. Only the central 
portion of the. de])osit, about 20 yaids long and 7 yards l)]-oad, 
consists of higl), grade ore, mainly braunite, the remainder being 
less altered rliodonitii-spessartite rock. The ore contains a certMui 
pro|)ortioii. of unaltcia^d rhodonite and rliodoclirosite, and is con- 
sequentlv highly siliceous. Auftlysis :~-Mn™-54-98 . 
gi02-j6-63 : P--0-044 per cent. (F. 781 ). 

Three small outcrops, consisting mainly of braunite, were fov}v:i 
near LakhAiNWAjia village, about 200 yards W* of the (laimnaa 
deposit, but these have bee.n wo]'k(^d out (P, 780). 

SiT/VPAk (2r^ 44/ : 78"^’ 55'). The outcrop fonns an elliptical 
hillock, 27 yards in length by 23 yards in breadth, ai^d 20 to 25 lent 
high, surrounded by alluvium, vsituated about three quarters of ji 
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mile due W. of tlie village, Ou development the ore body was found 
to be 158 feet in length, and 133 feet thick, including small intni- 
sions of pegmatite. The composition of the ore is unique, including 
nix different minerals, among which are Jiollandite, sitaparite, and a 
white arsenate with phosphate (fcrmoritc). Average analysis (2 
samples from outcrop) : — ; Fe~-6-!)6 : iSi0.r^r-:^7-42 : 
l^:-0-089 : As-0'032 per cent. (F- 785). 

Biciiua (21^ 4V 30" : 78"^ 55'). A band of spessartite (piartz 
rock is exposed at intervals for about half a mile, forming a 
range of small hillocks lying to the S. of Burar hill. The rock 
is only partially altered to ore (F. 789). 

Alesur (2F 43' : 57'). An outcrop of crystalline limestone with 

inclusions of spessartite and rliodonite, passing into gondite partially 
altered into ore. The occurrence is of no economic value (F. 790). 

Devi (2V' 42' 30" : 78'^ 57'). An irregular band composed mainly 
of spessartite, rhodonite, end rhodochrositc, tracanible for about 
a mile aloug the northern side of a range of low hills of crystalline 
limestone and calciphyrc. The amount of oi’o is small and it is of 
low grade. Analysis: — Mn— 48-95 : FerTT7«03 : SiOo^d-OS : 

0-283 per C(3nt. (F. 790). 

(Iroti (21° 38' : 78° 5(5'). Two parallel ore bamls are exposed, 
about 750 and 440 yards in length respectively. The shorter band 
contains the most ore, which is mainly a mixture in about equal 
proportions of braunitc and ])silomelane, with intercalated quartzite 
and felspathic bands. Analysis : — Mn^-49-55 : Fc--4-71 : Si02== 

8-74 : P=-0-279 per cent. (F, 792), 

AV AGORA (21° 36' : 78° 52'), Six parallel bands of gondite 
associated in places with rhodonite partially altered into ore arc 
exposed, intercalated with granulites, gneisses, and schists. The 
ore is small in quantity and of very low grade (F. 794), 

(jOWARI Warhona (21° 32' : 78° 53'). Ore band with an average 
thickness of about 6 feet, proved for a total length of 1,600 feet. 
The ore is of good quality, except towards the S. E. end of the out- 
ero|), wdrere it passtis into gondite. Development work has shown 
that the band is jnuch broken up in places, and traversed by dykes 
of pegmatite (Fermor, 577 — ^36, 5). The ore consists of })raunite, 
psilomelane, and hollandite in varying proportions. Analysis Mn^- 
53-59 : Fe-5-00 : Si02-6-21 : P-:=0-()74 per cent. (F. 795), 

BururARA (21° SO-' : 78° 57'). Two bands of spessartitc-quartz 
vock, exposed at the base of Dudhara hill on the S. E. side. The 
1‘ock has undergone little alteration (F. 801). 

The average annual output of manganese ore in Chliindwara, 
tinring the five years 1909 to 1913, was 20,732 tons. In 1914 the 
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production amounted to 87,111 tons, in 1915 to 16,941 tons, and 
in 1916 to 5*»,977 toiis. 


Ilosliaugabad. — S ont7\lai (22"" 21' : 76° 56'). A small outcro]) 
of impure wad. probably due to the superficial replacenuMit of a 
siliceous rock, is exposed in the road at the w<;st end of the village. 
The ore contains only 16*73 per cent, of manganese, with small 
(jiiautities of cobalt, nickel, and copper (F. 802). 

— The existence of manganese ore deposits at flosal- 
pur was fiist brought to notice in 1875 by Mr. Olplierts. In 1879 
Mallet ( 1159 -- 18 ) published an analysis of the ore, with a brief note 
by Medlicott on its mode of occurrence ; and further allusion to 
the dcjposits was made by iVTallet (1159 — 87 ), iu (anmcction with a 
project for utilising the maiigauiferous iron ores of this area, wluai 
the lateritic origin of the manganese ores was pointed out and dis- 
cussed. A considerable amount of ])rospecting work was sul)s('- 
quently (1887-88) carried out by K. J. Jones and P. N. Bose, 
the results were published in two se])arate papers (173^—1); — Hj, 
the first containing a detailed account of the distiibution of the 
deposits, while the second deals with the geology of the mangaiii- 
ferous tract and the origin of the ores. 

The deposits are found on the outcrop of two formations, con- 
stituting tlie Lora group, a local member of the Dharwar (dlijawar ) 
series. This group has been subdivided by Bosi^ into the Siliom 
beds, consisting of slaty shales and banded hematite quartzih^s, 
and, underlying these, the (Josalpur (juartzites. The maugnuese 
bearing area occupied by these rocks is of a roughly elliptical sliai)^, 
corresponding with a synclinal basin about 20 miles in length from 
N. E. to S. W., and from 3 to 5 jniles in width, extending from the. 
Lora range, N. E. of Stiiora, (23° 29' : 80° 10') to Maruasax (23" 
21': 80° 3'). 

The ores are entirely of a lateritoid character. Tlios<‘. wliich 
occur on the outcroj) of the Sihorn. beds consist of manganifei'ous 
hematite and psiloimlane, resulting from the concentration at tho 
surface of manganese oxide derived from the hematite quartziOs, 
which are themselves feebly mangauiferous. In the final stage* tie* 
iron ore is almost entirely replaced by psilomelane. the origin;),! 
structure of the rock being practically obliterated. On the outcroj) 
of the Oosalpur quartzites tlie ore has been developed by tbr 
gradual solution of the silica and its replacement by mangancsi' 
oxide, usually in the form of pyrolusite, so that there is a passage 
downwards from comparatively pure ore at the surface into fresh 
quartzite. 
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The principal deposits occun'ing in this area are- : — 

• Kasai hill 31' : 8(f 8'). A bed ol’ in anganif crons liinonite, 
from 30 to 50 feet in. width, forms a capping to the hill. In ])lac(‘s 
the liinonite is filled with a network of veins of psilomelane, ocea- 
sionally passing into pare ore. The deposit could not jiroiitahly 
lie worked as a source of manganese ore alone (F. 8:^0). 

Darshani (23)^ 30' ; 80*^ 8'). Manganiferous liinonite. of the 
same description as that on Kasai hill, forms a capping on a hill 
five-eighths of a mile to the N. of the village (F. 821). 

Mansakka (23'" 30' : 80"^ 10'). The deijosit here (amsists of 

breeciated (piartzite cemenp^d by pyrolusite, and limoniti^ with 
veins of pyrolusite and psilomc.lane. Hose estimated the amount 
of ])yrolusite availahle at about 9,000 tons. On developnxmt the 
ore body was found to bo ahont 2-10 feet long, 120 feet wide, and 10 
feet thick. In the year 1907, 7,100 tons of ore rimioved from 
the deposit (F. 822). 

(fiiooHA (23"' 29' : 80"^ 15'). A liand of manganiferous mica- 
ceoiis hematite, probaldy of considerable thickness, ex])osed on 
the soutlnun side of the Lora range. The proportion of manganese 
varies considerably. An average sample contained: — Mn-d2-20 : 
■Fe-4(v43 : p2Or,-0*27 per cent. (F. 825). 

Bakrt (23''^ 28' : 80^^ 11'). Hands of jaspery hen indite passing 
at the surface into lirnonite with thin veins of psilomelane. In 
places the liematite is liigldy manganiferous, and in some cases has 
been converted into psilomelane, but the quantity of manganese 
ore available is small. Analvsis : — Mm- 2214: Ke- 19*17: 8102 

-23-40: P-()-0() per cent. (F. 820). 

Hhatadon (23"' 27' 30" ; 80"" 12'). /V late.ritic deposit, consisting 
of an aggregate of small (concretions of wad and liinonite. The 
deposit is of small ext(*nt and thickness (F. 829). 

OosALruR (23"' 24' : 80"' 7'). The deposits here consist of pyro- 
Insite n()du](-.s, with subordinate amounts of psilomelane and iron 
ore, forming a layer of varying thickness in the soil covering tlu^ out- 
crop of Cosalpur <piartzites. The d(X‘om])osed rock, in whicli the 
ore is developed by a process of surface replacement of the silica, 
also contains veins and nests of ])yr()lnsite. The total (juantity 
of ore available was estimated by Hose, as the result of prospecting 
operations, at about 50,000 tons ; but according to Ferinor, the 
amount of mercdiantable ore is much less than this. A considerable 
(juantity of the liigliest grade ore lias been removed by glass workc^rs. 
Analysis :—Mti- 54-66 : ' Fe-fM?: 8i02-2-74 : ^ F-0-12 per 

cent. (F. 831). 
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Dharampura (23° 23' : 80° 5' 30"). A band of hematite jasper, 
highly inangariifeToiis at intervals, is exposed along the crest of a 
ridge running S. W. from Gosalpnr through ].)harampura to Mar- 
ha 8an (23° 21' : 80° 3'). In places the rock is converted into 
psilomelanc. Pyrolnsito also occurs, according to Bose, on an out- 
crop of th)sal])iJi* ([iiartzitc at the foot of a hill locally known as 
Chaxoeli, about a mile to \V. N. W. of Dharampura. The quantity 
c»{ dressed (U’c available was estimated at 13,000 tons (F. 833). 

Noxsar (23° 14' : 79° 51' 30"). Bose records the existence of 
manganiferous hematite and psilomelane on a patch of Lora rocks 
at tiiis locality (F. 835). 

Nagpur. — The existence of manganese ore in this district was 
recorded in 1829 by Jenkins ( 938 — 1 , 208, 212), who mentions its 
occmrenco in the valley of the Bench R. at Ookala (?GHOGy\RA) 
3 or 4 miles above Nayakund (21° 22' : 79° 15') ; and in the jungle 
about 4 miles to the N. of Kumari (21° 26' 30" : 79° 23' 30") wlierc 
the ore was found associated with crystalline limestone. In 1859 a 
deposit at Maksak hill was discovered by Oakes {see Ball, 71— 
329). Asaiuple of the ore, afterwards analysed by Mallet (1159 — 17 ), 
was found to coiisist of braimite with a little rhodonite, and to 
contain 55*27 ]'>er cent, of manganese. W. T. Blanford also dis- 
covered one of the deposits at Kodegaon in 1872 {see Mallet, I c., 
74); but it was not until the beginning of the present century that 
active }>Tospecting led to the discovery of the immense resources of 
mangan<^se ore that are possessed by the district. 

The manganesf; ores of Nagpur occur in a belt of Archiean I’oclcs, 
which forms a continuation, westwards of the manganiferous zoiio 
of Bhaiidara and western Balaghat, The belt measures 31 miles 
in length from east to west, with a maximum breadth, as at prevsent 
known, of about 11 miles. At the western end it is cut off by a 
fault, wliich has brought rocks belonging to the Kamthi division 
of the Gojulwana system into contact with the inetamorjJiics, 
The rocks comprised in the belt are of the same character as those 
described by Fermor {577 — (>) in the Chhindwara manganese area, 
including add and pyroxene gneisses, hornblende and mica schists, 
quartzites, crystalline limestones and calciphyres, arranged in 
parallel, discontinuous bands. 

In accoi'dancc with tlieir mode of occurrence, the ore de})osits 
have been divided by Fermor into two classes: — 

1. Ores occiiJTing as bands, often of considerable length and 
usually thinning out in a lenticular manner, intercalated between 
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the gneisses, schists, and quartzites, and associated with spessartite- 
quartz rock (gondite), rhodonite rock, or with both. 

II. Lcnticles or bands of nodules of ore in crystalline limestone, 
usually associated with picdmontito. 

These two classes are again subdivided into gro\i])S according 
to the geographical distribution of the deposits : — 

Class I, Group I : — 

Kodegaom (2F 25' : 79'- 1'). Tliero arc a])parcntly two separate 
or(^ bodies here, occurriiig on the same line of strike. No. L situated 
about a quarter of a mile to R. W. of the w<\st(vrn end of the ]\X)degaou 
hills, \vas found on being opened Uj) to be at least 205 feet in length, 
and 115 feet in width measured liorizontally. Tlie whole mass 
consists of a mixture of two ])aTts of braiinii-e and oiu- of psilomelaue, 
with very little foreign mat(Mhil. No. 2, situated at tlu> noi’therii 
foot of the same hills, measured 1100 feet in hmgth in 1907, tlu^ width 
varying from 20 to 80 fe<^t. The ore is of inferior quality, contain- 
ing many patches of nnalte.nxl gondite and ([iiarizite, and a].)pears 
io deteriorate in de])th. A large mass of granitic rock was met 
witli in the camtre of the d(q)Osit. Total ])rodnctioti, from 1903 to 
1913 inclusive, 131,523 tons. Analysis (average sainple from both 
deposits): — Mn=^ 52-51 : Fe'^71)0 : SiOc — hOS: P~0-10: IJoG -0‘28 
])er cent. (F. 845). 

Gumgaon (21^ 25' : 79^' 3'). The deposit foj'ms a band exposed 
for about 1,200 feet, along the southern sloj)c of a hill betAveen 
(dimgaon and Khapa villages. Tlie width of the band is about 
300 feet, but only 50 feet represents ore in silu, tlie r(;niaiuder being 
composed of gondite rock. The ore is variable in quality, passing 
from a liard braunite-psilomolane mixtun'. into soft sooty oi*e and 
a variety much contaminated by residual quartz. Total ]>roduction, 
from 1901 to 1913 inclusive, 101,721 tons. Analysis :--Mn- r)3 05 : 
Fe.r.5-565 : Ri02-4'17 : P.-0-12 : IToO^ 0-33 per Unt. (F. 852). 

PvAMDONGiii (21° 24' 30" : 79° 5'). Three distinct lenticular ore 
bodies are exposed, each forming a separate hill or liillock. The 
largest measures about 2,500 feet in length, by 1,500 feet in width 
(tlu^- great widths recoixh'd heri^ are perhaps dao to folding), and 
^ascs to a height of about 140 feet above the low ground. The 
others measure about 1,500 feet by 700 feet and 450 feet by 90 feet 
a('s])ectively. Each of the deposits is mainly composed of gondite 
rock, and the amount of merchaiitabhi ore is not great. It (‘onsists 
hrr(r(dy of the brauuite-psilomelami mixture, but there is also a cer- 
tain proportion of coarsely crystalline braunite. In connection with 
the largest deposit a considerable quantity of talus ore ^^^as being 
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worked 'u\ 1903. Average analysis (4 samples) : — Mn--52-97 : Fe 
— 6‘80 : Si02™6*43 : Pnr=0-09 per cent. (F. 855). 

Group IT 

RrSAUA (21'^ 28' : 79'’ 3' 30''). Tlireri outcrops were observed, 
situated about half a mile from the village to E. by N., N. E., and 
B. N. E, respectively. In each case they are composed of spessar- 
tite-quaidz rock, partially altered into ore of low gi*adc. Analysis : 
— M?i=-34'()8 : Fe -2-26: Si02-23-4G; ?-^0*43 : ILO-^I O^ per 

cent. (F. 860). 

Ontcro])s of spessai’tite-bearing rock were also found in tire 

jungle at the southern end of the ridge on which- the village of 
NANDooNor (21"^ 30': 79''' 7') is situated, and in "the Sitaoondi 
( 21'" 29' : 79" 8') iuiuj'le. In neither case was any merchantable ore 
seen (F. Sfd). 

Grrmp HI : — 

Kandui (21'" 25' : 79'" 20'). The ore band forms a horse-shoi^ 

shaped curve about lialf a mih; in length, and is exposed in tho'c 
hills. Two of these, 2G() feet (S.) and 210 feet (N.) in height r<'s- 
pectively, are composed, except as regards the saddle connecting 
them, of high grade or<n varying in tliickness from about 60 to 87 
feet ; while the third liilk lying to the east of these, is compos(Ml 
of gondite and s])essartite-bearing (piartzite, often converted into 
ore, but not siiirnriently so to be workable. At the S. E. end of tlie 
oiit(vrop, tin*, ore body dips bejuaith the sm*face, and has been struck 
in a boring at a depth of (>5 feet. The ore coTisists mainly of bran- 
nite with a certain proportion of psilomelaiie ; the hardtuiss and 
cojupactness de];)ending on the quantity of the latter mineral that 
is present. The proportion of })si[omelane has been found to de- 
crease rapidly in depth, with a consequent deterioration in the ])iiv- 

sical character of the ore. Total production, from 1900 to HOG 
inclusive, 488,814 tons. Range of analvses of ore despatched 
Mn -::04— 57:- Fe.-3~-5 : 8kA-8— 10 : P-0-0&.-0d2 per eeid. 

Large (|uantities of talus or<‘. have been quarried from the soiiih' 
ern and south-western slop(*.s of the south hill (F. 862). 

Mansar (21" 24' : 79'' 20'). The outcrop of the ore band has 
been traced for a distance of 1} mile, iji a general E. 8. E. directi( lu 
along the crest and south-eastern slopes of Mansar hill, which »: » a 
to a height of 350 feet above the plain. 1^5)r about two-tlnrda ih 
its Icmgth, on the crest of the hill, tlie hand consists almost entirdy 
of high grade ore, very uniform in com])Ositioa, with an avoayc 
thicknes.s of 45 feet : but towards the south-east the ore is rtiphict n, 
to a great extent by manganese silicate rocks. In depth also tlic. 
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ore has been found to contain masses of partially c(U)verted spes- 
sartite and rhodonite rock, tlie cleaned ore ainouutinir (o about 
30 per cent, of the total exi-racted. A C()nsid(‘rable cjuanlity of 
talus ore has been (piarried from the lyorthern and wostevn slopes 
of the hill. The ore consists largely of l)raimite, with har<l bands 
cemented by psilomelane. Average analysis (2 samples) ;~-Mn. --- 
6'b46 : Fe--^4*82 : SiO^-'-S-oC : P--0’07 per cent. (F, 878). 

A continuation of the ore band, known as the Mansar Extension, 
has been exposed by excavation beyond the N. W. end of, the hill, 
for a distance of about 200 yards. The oi-e in this portion of tlu: 
band consists of soft braiinite, much interlaminated with gondit 
and quartzite. Aiialysis ;-~-Mn-^ 52-27 : Fe--5'07 : SiOo-:- l(h77 

p„. 0-17 : H 2 O-O-OO ‘per cent. (F. 891). 

From 1900 to 191?> inclusive the Mansar hill de])()sjts |)roduced 
3;>1 .529 tons of ore. 

PaRSODA (2r^ "2?)' : 79'^ 22'). The ore here, exposed in a pit siu- 
r(Minded by alluvium. ])robably lies on an extension to the >S. E. of 

the Mansar band. About 050 tons of ore, containing from 49 to 53 

per C(mt. of uianganese, were extracted from the dej)0sit in 1901 
ar.d 1905 (F. 893). 

Bohda (21^ 27' : 79"^ 20'). Loose fragments of ore, uj) to 2 feet 
in diameter, were found in shallow excavations at the bas(‘. of a hill 
of vitreous quartzite, about half a mile to N. of the village. The 
ore resembles that of Mansar hill in composition (F. 895). 

(Jroup IV : — 

Faesioni (2P’ 22': 79*^ 13') -Bansixuui. The ore band is about 
2 iniles in length from E. to W., with an average thickness of 
about 50 feet. At the outcrop manganese sili<‘at(^ rocks, inti^r- 

laiihnated with (juartziteB, alone were semi ; but beneath the surface 
they were found to be partially cotwerted into ore. About 1,200 

tons of ore were extracted from the deposit during 1906 and 1907 
(F. 897). 

Dumki Kalan (21'-' 20' : 79"^ 18'). This occurrence forms the 
wt'sterii termination of a line of deposits (noted below) extending 
eastwards for about 12 miles. About 120 tons of fragmentary, low 
gmde 01 ‘e were extracted from an excavation, but none was 
a[/|)arently found in situ (F. 898). 

Satak (21° 20' : 79° 19' 30"). The total length of the ore hand 
^vitliin the village limits is about three (piartm’s of a mile. Only two 
portions of the band, lying on either side of tlie villagic wc^re found 
to contain workable ore., the remainder consisting of manganese 
Silicate rocks. In the wevStern portion braunite was foimd in situ, 
^^uich contaminated in places with mangamese garaet. In tho 
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eastern portion, which forms a low mound about a quarter of a mile 
in length, the ore in situ is very impure, much interbanded with 
gondite and quartzite, and traversed by felspatliic intrusions; 
but the talus ore was of belter quality, and occurred in beds iq) to 
10 f^ad: in thickness. The total quantity of ore raised from these 
deposits, during the years 190-1 to 19U7, amounted to 17,901 tons 
{F. 899). 

Beldonori (2B^ 20' : 79'^ 21'). The original outcrop hero, a 

mass of spessaititc-rhodonite rock projecting a foot or two above 
the surface of the alluvium, is worshipped as a deity by the villagers, 
and has been preserved from quarrying. The ore body, as opoicfl 
up in 1906, was nearly 600 feet in length and about GO feet in actual 
width. .About half of this thickness is rendered worthless by patclu's 
of manganese silicates not converted into ore, and by bands of schist 
and quartzite. The ore varies in physical character according to 
the proportion of psilomelano present, from friable granulaiv bran- 
nite to hard compact vaihdies composed of about equal quantitive 
of the two minerals. Some of it consists of a variety reseinbliiej; 
metallic lead, to whi('h the name ‘ beldongrite ’ has been givo). 
Vredenburgitc also occurs at tliis min(\ Total production, froju, BiOI 
to 1907 inclusive, 26.294 tons. Average analysis (2 samples): — Mii 
MriO; Fo-:5'53: SiOo-l'Od: P-0-06: H2O-1-02 percent. (F. 90!). 

Xandapuri (21^ 20': 79*^ 23'). The deposit here consists o£ 
talus ore. occurring beneath 2 feet of surface soil, overlying a mass 
of gonditic rock. About 500 tons of ore were raised in 1907 (F. 91:1). 

A deposit of similar talus ore was also found in a pit at Nauak- 
DHAN, a sliort distaiuie to the W. of Nandapuri (F. 911). 

LojinoNOPJ (2P' 19' 30" : 79^ 25'). The ore body here, before 
being opened up, formed a low mound about 380 yards in lergd’9 
200 yards in breadth, and 30 to 35 feet high. It consists of a 
succession of distinct layers of ore, varying in thickness froir. 2 
inches to 2 feet or more, occasionally horizontal, but much crum|9ed 
by folding. Practically the whole of the deposit is composed el 
worka1>lc ore, eitlier coarse crystalline braunite, or fine grained 
psilomelane with patches of braunite ; but layers of quartzite occur 
in sonu^ places. The thickness of the deposit may amount to <'0 
feet. Production, from 1900 to 1913 inclusive, 245,163 tens. 
Kange of analyses : —Mn— 47*12 — 50-64 : Fe— 7-32 — 10-62 : 8i(k- 
6-40 — 7*45 : P— 0-054—0-098 per cent. 

There is reason to believe, from the evidence afforded by ( 3 ks, 
that this deposit may be connected beneath the surface witli that 
of Beldongri, further west (F. 914). 
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KACHAiiWAHf (21‘^ 20' : 79^ 27')., This dq)o,sil. is exposi’d an 
excavation in tlie alluvium, about three quaiters of a uule \o S. l)y 
E. of the village. The ore body measures about 100 yards i]i lougtli, 
92 feet in width, and in 1906 had been opened u]) to a depth of about 
GO feet in places. It is composed of layers of ore fi-om 5 to 10 f('cb 
thick, interbedded with layers of liard vitreous cpiartzite and soft 
schistose rocks of about equal thickness. The ore itself is also 
interlaminated in places with thin bands of quartzite, and with intrin 
sive felspathic rocks carrying crystals of braiinite and blanfordit(' and 
rendered worthless. The ore consists of a fine to coarse grained 
mixture of braimite and psilomelane. Total production, from 1901 
t(> 1907 inclusive, 20,720 tous. Average analysis (7 sauqdes) : — Mn-- 
52*81 : Fe:--:G-55 : Si02^:7;57 : lh-0-069 : ll26-~0-28 per ceut! (F. 922). 

VVaregaon (21^ 20' : 79^^ 28' 50"). The de])osit was o|)ened u}) in 
1902-04 by an excavation in the alluvium, but work was discontinued 
in the latter year on account of the influx of water. Tln^ or<^ band 
was exposed for a length of about 500 feet and wavS about 50 feet 
thick. A second ore band was found in trial ])its about 200 feet to 
the west of the main excavation. The ore is said to have become 
poorer in quality with depth., and tlui last (consignment is rcpoiiud 
fo have been very arseiiical. Tlie output is said to have been about 
50,000 tons. Average analysis (8 sanvph\s) Fc:'-^^8-22 : 

SiOo-G-SS : P--0-0G8 : per (amt. (F. 929). 

Kttandala (21° 20' : 79° 29'). An outcrop of gond.it(‘ and rho- 
donite rock occurs on the right bank of tln^ Sur R., a mile E. by N. 
of the village. The band is traceable for about 180 yards, and may 
24 yards wide. In places the gondite is (*on verted into ore of 
poor quality. About 200 tons Avere (^xtracied in 1907 (F. 952). 

' Group V:-- 

Man.dri (2L° 25' : 79° 27'), Here there are two ore bands, 
lying on the south-eastej-n side of Iavo small hills of (piartzite. The\y 
are roughly parallel to each other, and about 100 yards ujiart. 
ih)th are much bent and contorted. The nortberu measures about. 
270 yards in length along the bends, and the southern about 590 
yards; the respective widtlis are G to 14 feet, and 21 to 40 feet. 
They appear to be cut oil by a fault at the W(\stern end. Tlic ores 
an* usually soft and black, Avith remains of unaltcTcd spossartite rock 
'nid (juartzite ; but tlmre is also a c<M'tatn jiroportiou of hard gre\^ 
ooa About 3G,000 tons of ore were raised froin lliis deposit during 
fhe years 1904 to 1907. Average analysis (5 samples) ; — Mn'-==55*23 : 
Ee-5-27 : SiOo-G-Ol : P-O IOG : 1190-0*75 p^a* cent. (F. 954). 
Panchala (^21° 24' : 79° 28'). Tlu^ ore l>aud occurs on the lino 
strike of the southern band at Mandri, and is probably conti- 
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nuoiis with it. The length exposed is about half a mile. The beds 
are much folded parallel to the strike, and consist of spessartite and 
rhodonite rock largely converted into ore, which is partly a liard 
and crystalline braimite-psilomelane mixture, and partly sooty and 
‘ vSpeckled " ore. About 2,300 tons were extracted during lOOG-OT. 
The ore contains 47-58 per cent, of manganese (F. 911). 

Manegaon (2P 2G' : 28'). Two ore bands are exposed here, 

lying on the southern slopes of a ridge composed of micaceous quart- 
zite. The main band is about a mile and a lialf in length, with an 
average width of about 50 feet. The other band is quite subordh 
nate, being only about GOO yards in length. Both are composed to 
a large extent of unaltered spessartite and rhodonite rock, but there 
is a fair (|uantity of merchantable ore varying from hard grey 
])silomeIane to a soft, sooty ore with brannite grains. Total produc- 
tion, from 1904 to 1907 inclusive, 40,598 tons. Analysis: — Mu-- 
49-15 : Fe--:10-26 : SiO.>-:5-31 : P-0 09 : 4120-0-35 per cent. 

(F. 942). 

OuGULDOiro (21'^ 2G' : 79'' 29'). This ore band may be a coiiti- 
iiuation of the Manegaon deposit, but is separated from it by a Inll 
of (piartzite. It is about a mile and a half in length, but only al)out, 
350 yards of this length, on the crest of Ouguldolio hill, coiitaiu'^ 
workable ore; the remainder being composed of spessartite and 
rliodonite rock, with patches of manganese in places. Tlie (U'o 
body varies from 15 to 40 f<iot in thickrn\ss, and is largely composed 
of the sooty variety known as ' speckled ' ore. Near the suiin'c ir- 
fiaujinmtly becomes concretionary. Production during 19()G aiid 
1907, about 3,400 tons. Arialy>sis : — Mn— 46-24 : Fe— IG-Sl : ySiOo 
-2'90 : P-0-183 : HoO-O-ol per cent. (F. 947). 

BH AiNDAunoni (21'^ 24' : 79'^ 31'). Boulders of soft goiulilc, 
partially altered to manganese ore, Avere seen in shallow pits alxj'it 
half a mile to N. N. W. of tin; village, on the strike of the Maiidri- 
Panchala de])osit (F. 953). 

Class If 

The manganese ores of this class occur in the form of lentirular 
masses, small beds, or bands of nodules in crystalline ]iim;stoii'‘s, 
usually in too small ({uantitv to be worked in silu, though iho 
ncsidual accumulations of nodules left on the surface by ihc 
weathering oi the limestone would often pay to work. Occasinnslly 
the limestone itself is charged Avith manganese, whirh may amount 
to as imich as 18 per cent. The following deposits have brui 
noted : — 

Mouugaon (2r" 27':79'^ 5'). Outcrop about 220 yards m 

length, situated about a mile to E. S. E. of the village. The oru 
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probably a mixture of braunite and hollandite, contaiiung 17-79 
per cent, of manganese (F. 97)5). 

Pali (2F 26' : 79'^ 15'). Outcrop situated to N. and N. E. of 
village., exposed for about 1,400 yards. The limestones, (^specially 
along the centre of the deposit, are often blackejied by manganese, 
and contain nodules of braunite and hollandite. Masses of ])y.ro- 
hisite occur in places, containing a high percentage (73 — 06) of 
manganese dioxide, and sufficiently pure to be used in tlie manu- 
facture of chlorine or for glass making (F. 957). 

Ghooara (2F 23' : 79'" 14'). Outcrop exposed in the bed of 
the Pencil K. for about a quarter of a mile across the strike. The 
manganiferous portion of the band measui’os about 100 feet in thick- 
ness, and contains nunuTons nodule.s and lentielos of ore, arranged 
in lines following the bedding planes of crystalline picdmontite lime- 
stone (F. 961). 

Mandvt Bik (2F 28': 79^ 17')~Ji;nai>ani (2r 29': 71P 21' 30"), 
'fho deposits consist of lenticular masses and nodules of manganese 
ore enclosed in a band of crystalline limestone, which has been 
traced for more than 6 mihvs from east to west. A second parallel 
l)aud, about 220 yards to the south., is believed to b(^ a repetition 
i4 the northern band, brought up by a synclinal fold. Tlie masses 
of ore are occasionally of considerable size, (^s})ecially near the easter]\ 
(Jiinapaiii) end of the deposit, whore there appears to be a (hdinito 
l)(Mk varying from 4 to 10 feet in thickmess. Consifleraljle quan- 
tities of residual nodular ore, derived from the liinestojie by weather- 
ing, Inivo been quarried from the whole length of the band. Pro- 
duction during 1906 and 1907, about 20,500 tons. Bange of aiia- 
Ivses : — Mn— 50 — 52 : Fe"-2 — 4 : SiOo-^o — 9 : P-qi-Oo — 0-12 per cent. 
.(F. 965). 

IIajkota (2P^ 29' : 79''' 24' 30"). An outcrop of manganiferous 
limestone, perhaps representing a continuation eastwards of the 
Maudvi Bir-Junapani baud (F* 976). 

Tie-, average annual output of manganese oi-e in the Nagfuir 
district^ during the live years 1909 to 1913, was 183,575 tons. In 
1014 the production amounted to 174,562 tons ; in 1915 it fell 
to 93.027 tons, but rose in 1916 to 153.899 tons, 

Aimar. — Four uccurrcuces of manganese oiv. luive be(.m noted, 
sdl due to surface impregnation and replacement. The or(‘S ar(‘ of 
po()r quality (F. 977) : — ■ 

Chandijakh (22° 15' 30" : 76° 40' 30"). The Lameta roelcs ex- 
posed in a stream bed about a quarter of a ttiile to S. E. of the 
tillage are blackened in ])laces by impregnations of manganese oxide. 
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Gohu(^jaon (22^ 15' : 7C° 48'). Outcrops of rnanganiferous brec- 
cia are exposed for about 200 yards along the banks of the Janulihi 
stream, a mile and a quarter to N. N. W. of the village. The matrix 
of the br(x*cia consists of wad and hard grey psilomelane. 

Further down the stream, about tlirce-eighths of a mile from its 
junction with the Narbada K., a hard layer of calcareous rode at 
the base of the Deccan trap contains manganese garnet. 

About lialf a mile above the rnanganiferous breccia deposit 
noted above, an outcrop of Vindhyan shales occurs in a small tii- 
butary streatn. 'Fhese show small patches of secondary pyro- 
lusite and psilomelane. 

Seoul, — The southern end of this district projects into the Nag])ur 
Balaghat manganiferous belt, and Burton [see Hayden, 793 — 3i, 
21) has recorded the occurrence of small deposits of manganese 
ore at the following localities : — 

O 

CniCHOLDOH (2H 4G' : 71F 45'). An outcrop of blue quaiizitte 
associated with, gondito partially converted into manganese oir?^ 
was found at the western edge of a small hillock about 250 yaids 
to the N. of the village. A small deposit was also seen in a str(';uii 
bed half a mile to 8. W. of the village. 

Diiobitola (2F' 42' 30" : 79'^ 43'). Three occurrences were seen 
in this neighbonrliood : — 

]. A quarter of a 3nile to W. of the Adllage. Quartzite imin’Of^y- 
nated with manganese, interbedded with thin hands of fairly jiiire 
ore. 

2. On the .Diiobitola- Duhipiir road, 200 yards R. of the Tluiy;!- 
ghat stream. A small band of ore. 

3. A small outcrop on the road, GOO yards AV. of the same stream. 

Kuikki (2H 43' : 79'^ 41'). On the Bhandara-Sconi bouiulary, 

S. AVk of the village. (Quartzite impregnated with ore. 


leutmal") — [Hughes ( 888 — 17 ; — ^20, 7G) has recorded the ocem- 

re nee of botryoidal masses of psilonielane in Kamthi clays at tie* 
base of Malagarli hill (19'^ 5G' : 79"^ 6'). Accoi'ding to an analysis 
by Tween, the ore contains 44*6 per cent, of mangajies(‘. ovuK^ 
(R 979). 

^ GOA. 


The iuanganese "forcAAndiistry of the Portuguese territory of r'fia 
dates from the beginning of the year 1906, when the first 
or license to work the deposits, was issued to .Haji Ismael Mi-za 
Bagdadi. Before this, the existeuco of tlie ore in the proviiue 
appears to have|Feeii unknown. 
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TliC ore.s occur chiefly in thick beds oi fetrugitK'us hitcrite, 
resting upon an uneven surface of Dliar-war rocks, and partly in 
tlie decomposed quartzites and pliyllitos lying honeatli the laterito. 
In the latter ca.se the ore appears to have been formed by a ))ioccss 
of replacement of the silica ; whihi that in the laterito is probably 
either due to the segregation of the oxides of mangamrse aiul iron 
brought up in solution from the imdorlying roriks, or is partly of a 
rc.sidual character, ro]u-oscntiug the ore that was d(!veloped the 
(jviartzites prior to the formation of tlic laterito. The ore is usually 
pyi'olusite, associated in places with a certain amount of psilomelanc 
and wad, and is often mixed with iron ore and with fragments of 
quartz and other rocks. It is, tlunxifore, highly fomigiiK)us, and 
seldom contains as nmch as 50 per cent, of mangam.!se (F. 980). 

The following deposits occur in the ucighboiuhood of IVrcnoLiM 
(15° 35': 74° 1') Fanuswadi ; D.vn Dacua (2 deposits); Vaotim ;; 
IvouAMBi; IvtJLAN (Culon) ; Fkiuxgesf.y Bat; and Sfuvona. 

Deposits have also been lAqrorted to occur at ; — 

fvANDiAi’.VR (15° 25' 30" : 71° O'), ilere the ores are said to 

be mainly psilomelane. 

Korqui (IvunKEK, 15° 31' ; 71° 12'). 

Kukaoo (15° 22' : 74" 11'). 

Malpona (15° 27': 71° 11'). 

Moelrm (15° 35' 30" : 74° 6'). 

The following localities are not marked on the map : — 

Mauan ; 2 miles to N. of Kalay railway station. 

\ iii;tA.v, Kumaki, and Kajki ; mnir Bkhitjcm, 10 milo.s to S. of 
Sanvordam railway station, 

Avonup.Ai.LE, Cken'do, and Kakapur. 

The total quantity of Goanese ore shijqred from the port of 

Mormugao during the five years 1909 to 1913 was 10,213 ton.s. 

HYDORARAI). 

liiilar. — Newbold (1294 — is, 245) in 1810 recorded the existence 
of maiigane,se ore in the laterite forming the plateau of Bidar (17° 
55' : 77° 30'), and in 1841 (1294- -32, 992) described its oecurreuco 
more particularly at the base of a scarp near the village of Hulfek- 
<!AH (? HALBURCtA, 18° 0' : 77° 23' 30"), 10 mih^s to W. by N. 
from Bidar. The laterite is traversed by a network of veins of 
manganese ore, about an inch in thickness near the base of the cliff, 
and gradually diminishing in width as they ascend, until they are 

h>st in the substance of the laterite. The ore consists of black 

manganese oxide combined with iron, often compact and hard, but 
sometimes earthy and friable (F. 989). 
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Bellary. — T eligi title (14° 39' : 75° 57'). Manganese ore is said 
to occur in the western spurs of the liill, which is situated on the 
Dharwar-KShirnoga band of Dharwar rocks croKSsing the western 
edge of the district. A specimen of th(5 ore consisted of a cavernous 
mixture of nodular pyrolusit(? and limonite (F, 992). 

(Saudur Stale), — The existence of manganese ore in the Sandur 
bills was first rnejitioned by Newbold (1294 — 13 , 125) in 1839. 
Fifty years latei’, Foote ( 59 &— 34 , 20) noted the occurrence of con- 
(‘.retionary manganiferous nodtdes in ‘ argillites ’ on the slopes below 
IvamaTidrug ; and in his nieinoir on the geology of the Bellaiy 
district (596 — 39 , 191) added three other localities at which similar 
nodular deposits were found in sutlicient (|ua]dity, as he supposed, 
to be worth exploiting. These deposits, however, in conijiarison 
with the massive beds of ore wbich have since ham found to exist 
on the summit of the hills, arc now considered to have little eco- 
nomic value. The discovTuy of fhe plateau deposits is duo to (Ihose, 
who lias given an elaborate account (652 — 3 ) of their gi^ologh-al 
relations, mode of occiiri-micc, and distribiitiom and lias also dis- 
cussed their origin. A description of the de])osits lias also laMui 
published by Aiders ( 16 — 2 ), th.e maiuigei* of the niim's woilo^d 1)\’ 
the General Saiidur Mining tM., Ltd. 

The Sandur hills are oomjiosed of bajids of schists, phvllites, 
and ferruginous ([uartziics, in ascendijyg order, with iutethedd^l 
igneous rocks in the two louver formations, probably rt^jresentiiig 
iutrusive sills. The i*()cks are disposed in a great synclinal trouglo 
orf an elongated oval form, witli its lomgm* axis (iircojted from M W. 

to S. Jo. The manganese ores are almost entirely confined t(j tbe 

('rest and western siopoxs of the western limb of the synclinab and 
are cliiefly developed on the outcrop of the bands of phyllite, whicli 

have been inipiegnated ajid replaced by tin? ore to a cle])th, in some 

cases, of as much as 100 feet, though the usual thickness of the 

deposit is somewhat less than this. The ores commonly retain 

the laminated structure and high dips of the pliyllites, aral often 
include partially altered patches of the original rock. At tlHn.r 
base they pass doAvnwards into a zone of lithomarge, which often 
contains nodules and bands of ma?. The ores therefore 
gnuip de,signated ' lateritoid ^ by Fermor. At tlie summit of tl.e 
hills they are often overlaid by horizoiital sheets of laterite, Avhich 
probably represents the final stage in the alteration of the rock, 

in which the manganese is replaced to a large extent by oxide of 

iron (F. 993). 
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It should be mentioned that Ohose {I e., 264) rejectH the theory 
-of superficial replacement in accounting for the forjnation of the 
ores, and considers tliat they are of a sedimentary origin, deposited 
on the floor of the ArchcTan sea in connection with submarine and 
contemporaneous discharges of volcanic material. This hypothesis, 
however, appears to account Sirtisfactorily for none of the special 
features of the deposits, except the lamination which gives their 
bedded appearance to the ores. Tins cliaracter ijideod app(!ars 
to constitute the main argument in favour of the tlieory. 

The principal constituents of the 8 andur ores are psilomelane and 
wad. Pyroliisitc and manganile of sex'ondary origin often occur in 
cavities. Braunite and hollafidite may also occur, but are cjuite sub" 
oi‘dina,te in amount. The characters and mode of occurrence of the. 
ma.nganite liave been described in special pap<irs by Kermor (577 — 7 ) 
and (ihose (65^ — The ores not as a vuh of high grade, Ihoiigh 
the juoportion of silica and ])hosplu)rns is low. Tliey usually con- 
tain a considerable perexmtage of iron oxide. Av<nage analysis (4 
samples) ; — Mn=- jo-On ; Fe -12-32 : 8 i 02 - -0’89 : P 0 011 ])er cent. 

The total (juantity of ore (includiiig fm'iuginoiis manganest^-on's) 
available in the Sandiir hills is roughly estimated by Fermor 
(577 — 32 , 1014) at about 10 million tons. Ghose (652 — 3 , 253) 
lias ostiinatod tlie (|uautity contained in thirteen deposits on the 
K.animat Hariivu plateau at 1.306,782 tons. 

Tlui number (.)f scpai’ate deposits dis(;overed by Ghose amounts 
to about 100, distil butixl along tin; ])Ia.teauH wliich form the crest 
of the range, from Kammat Haeuvu (15'^ 1': 70'' 40' ‘30") in the 
S. F. to the neighbourhood of Kamandhijo (15^^ 7' 30" : 76'^ 32') in 
tin; N. W. It was found that many of the deposits were known to 
the villagers by descriptive names, such as Alada-marada-banda, 
* Banyan tree outcrop/ liestowed on them in order to assist in 
their identification as landmarks, but not connected in any way 
with their )uineralogical character, which appears to have been un- 
known to the people. The deposits are divided into ten groups : — 


(h’onp. j 

No. of 

< iroup. 

No. of 


(.le]>osits. 

deposits. 

J. K AM MAT HAIUrV’ir 

28 

VI. SUBKAVANUI AIJ I RaXOE' 

3 

11. Hanumakthana Haru- 

4 

VIL T\JAtBARAtJADDl FOKEST 

3 

vu. 

111. ToNASniGRi Forest . 

U 

[ IL K A NEV 1 n ALI.l R ANG E 

11 

IV. AIannal JTaruvu 

10 

IX. Kamaxdrug Range . 

23 

V. Kumaraswami . 

1 B 

1 

X. Timmappa Gedda 

1 


z 2 
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Tlio output of ore from tlie district roaclu^d a maximum of 
78,03G tons in 1909, since wlicn it has gradually d<?clinod. During 
the five years 1909 to 1913 the average annual production was 
66,782 tons. An output of 33,043 tons was recorded in 1914, since 
velnm production lias ceased. 

Clihigleimt. — Yeiiis of manganese ore are said to have lieen 
detected in the lateiile of the Krd Hills (13'^ 9': 80'^ 10'), and 
specimens Avoro shrnvn at ilio Madras Exliibition of 1857 (F. 1032). 

foinihai ore.— Nicholson (1302, 23) notes the occunamce at VjPwA- 
PAXELi (? VuRAPAXiLi, ID 10' 30" : 77"^ 2') of black sand con- 
taining inangan<ise (F^ 1032). 

(hiiijaiu.'— -Sevoj'al superficial accumulations of mangaiiose ore o( 
small extent were discovered in 1902 ))y Mr. T. Cliaudry in tln^ 
Atagada and Kalikot Taluks. The ore>s occur either in connectioji 
with ]:odarit(‘, an intrusive rock containing manganese garjiet, wi 
with garnet-rhodonite rock similar to that associated with the mau 
ganese ores of the Nagpur district. The followijig occurrences 
have been examined by Ferj]H>r : — 

TSoirani (19'^ 35' : 84''' 49'). Outcro}) situated about half a niiie 
to S. E. of village. A band of fclsjiar rock underlying one of dc~ 
compos(‘d kodurite has been largely replaced l^y psilomclano, form- 
ing an ore bed whioh in one place reaches a thickness of 4^ feet. 
The 03*e is of vmv low grade. Analysis: — Mn-28‘lt: 15' 

19-70: 8100. -10-25: ' P-OwD per cent. ' (F. i03t). 

Gravels composed of grajiules of manganese ore mixed wil!\ 
quartz and linioiutc, and a patcdi of manganese laterite, were foutid, 
a})Out lialf a mile to S. lO'^' E. These may ijidicate the ])reseiiee 
of a band of manganiferous garnet rock below the surface (F. 1036). 

GuniiiAni (19^ 34' : 84"^ 51'). Giunules of manganese ore scat- 
tered through sandy soil at foot of hills to S. W. of village (F. 103()). 

Nautax-Baramfur (PD 3(>' : 85P O'). Outcrops of garnet- 
rhodonite rock ajKi Idiondalite (garnet-silli manite roclv) showim> 
stains of manganese (F. 1036). 

Kalikot (19^^ 3()' : 85"' 9'). Decomposed khondalite with sjiiall 
veins and stanis of psilomelane (F. 1037). 

liAAimrA (lO*^ 31' : 85*^ 9'). Gravel composed of fragments ol 
limonitc, decomposed quartzite, and a little mangaueso ore (F. 1037). 

KuruooL — Specimens of manganese ore from Eoodrar (Buoua- 
VARAM, 15^ 14': 78"^^ 40') and impure braunite were exhibited at- 
the Madras l^xhibition of 1857. 
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In the Kurnool Manual (675, 99) it is stated that timuganose is 
to be found in Nandavaram (15^ 22' : 20'), Bangamapallic 

(Uf 19': 78"" 17'), and NAGiREDrupAiaa (15^ 9': 78^ :]rv)^ |)ot no 
fiuvher particulars are given (F. LO;hS). 

lladura.— Among the nuncrals collected by Muzzy {see Nelson, 
1286 , 15, oO), specinKius of wood opal striped with oxides of iron 
and manganese from Pujxv-kudi (0- arid of several jna,nganese- 
bearing ininoj'als arc mentioned (F. 1059). 

NclIoiT* — Black sand containing iron, and inaiiganesc is men- 
tioned by llnntcr (see Boswell, 174, 7) as lurviiig been sent fi'oin the 
district to the Madras Exhibition of 1857 (F. 1010). 

Nngiri.--Newbo!d (1294~*-15, 15 ; — 2a, 2M) mentions the dis- 
covery by (Allien and Benza of nuinganese ore in the Nilgiri hills. 

At several places in Ootacamoxd {]V 21' : 7tP 47') Eennor 
met with veinlets of soft black wad traversing litbomaige derived 
from tin'. siijH'rficial decennposition of chainockite. Tln^ veins range 
up to lialf ati inch or so in tiiickness (F. 1089). 

Yizagapataiu. — The mangain‘S(‘. ore deposits of Vizaga.jiatani 
appear to hav(^ first received attention in 1852, when two specimens, 
proliably from Ivodimg wore a,nalysed‘ by Sc.ott (1597), and found to 
contain 53*428 and 51*929 p(‘r cent, of nuingaaiese respectively. 
In a letter from (A'ozier quoted l)y Balfour (69 - 2 , 238), it is said 
that the ore was obtainable in .some qinuitity near Ouipurapalu 
( 18^ 18' 30" : 3>8'), and that it was sold as a substitute for 

SLU'}fi(t or antimony. Balfour (69 —s, 1st hkln., 1183) also says that 
two tons of the mimu’al weia' sent by the Baja of Vizianagram to 
the Madras Exhibition of 1857. In 1880 King (987 — 2:5 155) found 
that manganese ore, a])parently associated witl) crystalline lime- 
stone, was being used for metalling the roads at a spot about (5 

to ilie N. of Vizianagiam and Jiear llAMAcnANim apuram 

(i BAMnjrADRAPrjKAAi) ; and six years later the first manganese 

workings in India, on a cojnmercial scale, were started at Kodur. 

The manganese oi*es are found in association with a group of 
igneous rocks of peculiar composition, to which the name ‘ kodurite 
t’Cncs ' has been given by Formor {see Holland, 859—^5), 22). These 
rocks are characterised by the prescniee of manganese lime garnets 
(^pandite) and apatite, with or without ovthoclase felspar, quartz, 
^nd manganese pyroxenes. In the coastal plains of VTzagapatam 
they are found interbanded with gurnet-sillimanite schists and calc- 
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gneisses (kliondalites), in which there is reason to t)elieve that the 
koduiites are intrusive. The varying composition of the rocks was 
originally attributed by Formor to magmatic differentiation su})- 
posed to have taken place before the eruption of the magma ; but 
more recently he has suggested (see Middlcmiss, 1219 — 31 , 102 ) 
that the koduritos may be hybrid rocks, resulting from the intru- 
sion of an igneous magma into a scries of manganiferous and cal- 
careous sediments, from which the manganese and lime of the 
garnets has ])een absorbed. If this can be confirmed, it will add 
support to Burton's suggested correlation (see Middlemiss, L c., 
105, 132) of the calc-gneisses of the Central Provinces with thos<^ 
of Vizagapatanp 

The ores themselves have been formed by the replacement of 
kaolinisod felspar, or of the constituents of the kodurife, by man- 
ganese oxide, derived from the garmd.s and introducefl in solution 
by percolating waters charged with carbonic acid. In some cases 
the manganese-garnet rock has been alt(U‘<Hl in sihi by a similar 
process. Tlio action is supposed to have taken place'- within the zone 
of weatlioring as defmed by the Imolinisation of the fe'lspars ; and 
therefore the depth to wliich the ores may ])e ex])e(d('d to continue 
will depend on the rnaximinn de])th affected l;)y weathering in former 
times. In some cavses it is certainly more than 100 feet and may 
possibly extend to 500 f(5et. 

The. composition of the ores varies in different pla(?es. The 
yu'incipal variethes are psilomelane with subordinate amounts of 
pyrohisito, and psilomelane with scattered grauuh'.s of braunile. 
according as they have been f(>rmed by the ro])lacejnen,t of lels- 
patliic rocks or of the kodurite respectively. They vary in qnalit}' 
from ferruginous jnanganese ores, containing from 13 to 19 per cent, 
of ii'on, to manganese ores with from 43 to 50 per cent, of mauga- 
jKJse. The proportion of pliosphorus is often rather high, but that- 
of silica is comparatively low (F. 213 seq., 1015). 

A description of the depcjsits being worked in 1890 lias been 
given by Turjicr ( 1815 ). Tlie deposits at Gakbham were estimated 
by him to contain 1,500,000 tons of ore available above satiiratioii 
l(Aad. These deposits have since yielded 736 J 92 tons of ore (tn 
1913 inclusive). 

The following notes refer to the condition of the workings :u 
1905, and to the localities known to exist in 1907 : — 

Koditk (18^' ](b 30" : 36' 30"). ikre a mariganifej'ous belt 

about 3 miles in length is worked, at intervals. At either end ot. 
the belt (Uarividi and Sandananimpuham), detrital ore is obtainoct 
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from ii munber of fsliallovv excavations. Tiie principal working is 
situated near Kodur, about tlie centre of tln^ bolt, where a pit nearly 
200 yards in lengtli has been excavated in Jithoinargic clays, in which 
the ore occurs in irrt'gulai' masses. These ore bodies are said to 
have a tendency to run together towards tlu^ bottoju of tlie ])it, 
and form a solid mass of oi*e. The total output^ from these 
quarries, from 1892 to 1913 inclusive, has amounted to 370,382 
tons. Analysis ;->-Mn- 17-11 : Fe-9-70 : 8102-3 15 ; lV^--0-191 

per cent. 

Som(5 ore has also ])een quarried froiu a pit at Dkvada, between 
Kodur and Sandanandapiirain, where it occurred imbedded in 
lithomarge, as at Kodur (F. 1050). 

SrvARAM (.18"' 1(3' : 83^' 39'). A certain quantity of ore,, pyro- 
lusite and psilomelaue, has l>e(m quarried here (F. 1077). 

Perapi (18'^' 1(3' : 83'' 41'). JJetrital deposits overlying bandcrl 
quartz-felspar and spandit('~felspar rock, ])artially converted into 
ore. Total out])ut, 1900 io 1907 inclusive, 1(>,313 tons. The pro- 
duction for 190(3 and 1907 included n^spectively 17,818 and 8,460 
tons of ferruginous manganese ore. Analysis : — xlln—lO-lO : .F(‘= 
13-20: SiOw--^3-GO : P - 0-207 per cent. (F. 1077). 

Small quantities of ore have Ixam raised by the- \ izianagram 
Mining (k)mpany at I'rAKKRLAf’iLLi. and Mulaca^i, situated about 
2 and 3 mib'S res])eetively to the 8. of Perapi. 

(loviNDAPimAM (18'" J5''30": 83'' 45'). Output, during 1906 and 
1907, 2,045 tons of ferrugiuoiis manganese ore (F. 1081). 

(jAiuniAAi (18"' 22': 83' 31'). Tlu^. oin body exposed here, pro- 
bably tlie largest in India, lias a total l(U)gth of 2.200 b'ct from E. to 
W., and possibly extends westwai’ds lor anolher 2,000 feet. The 
actual thickness ill tlu‘. middle of the deposit is 167 feet, of which 
100 f(‘et consists of oric and it has been proved to continue to a 
depth of at h'HSt 100 feet. Tim main ore body has lieen formed 
l)v the alteration of bands of (luartz-kodiirite, interbedded with 
Ivaolinisod quartz-felspar rock impregnated with wad, and occa- 
sionally containing masses of ore. The ores consist chieliy of a dull 
grey variety of psiloinelane, with patches of mangan-magnotito, 
pyrohisite, and wad. They are usually of third grade quality and 
are often highly femiginoiis. Analyses (manganese ore) : — Mn— 
45-39 : Fe.^:9-99 : SiOo-^-MS: P--0-45 per ferruginous 

manganese ore) :-~'.Mn“35’13 : Fe— 19-32 : 8i()2~ 6-90 : 0-423 

percent. (F/1081). 

The average annual output from tliis deposit, from 1896 to 1913 
inclusive, has amounted to 40,900 tons. 
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Kotakarra (18^ 22' 30" : 83° 33'). Excavations made to the 
W. and N. of the village show bands of kodurite and kaolinised 
quartz-felspar rock with layers of psilomelane. A few thousand tons 
of second grade ore are said to have been extracted from the 
pits (F*1096). 

' Oadasam (18° 20' 30" : 83° 28' 30"). Production during 1900 
and 1907, 2,000 tons. Analysis : — ^Mn—46-87 : Fe™4-20 : Si02“ 

4-55 : r-O-lGS per cent, (F. 1098). 

Avaoudem (18° 21' : 83° 36'). A vertical ore band is exposed 
for about 625 yards, ranging up to 55 feet in widtli. The oiitcro]) 
in 1905 was larg<dy concealed by detrital ore. A large proportion 
of the ore seen in situ contains much chert and ochre. Analysis 
Mn--39-ll ; Fc-13*30: Si02-4-73 : P--^0*410 per cent. 

The deposit was worked in 1899 and again in 1906-07. Total 
output about 22,000 tons (F. 1098). 

About 3,000 tons of ore wcr*e raised in 1906-07 at 
these places, which are situated about I miles 
to the N. of CniroRAPALLX (18° 18' 30": 83° 
38'),-^(F. ri00).‘ 


Aitemvalsa. 

Gotnaxdf. 

Bondaiulli. 


Oarkarajlt CiifPUKUrAmu (18° 24': 83° 41'). The deposits here 
are said to be similar to those at Pera])i. Total production, 1900 is') 
1907 inclusive, 17,797 tons. Analvsis ; — Mn^41*45 : Fe^--ri*70 : 

Si02---3‘63 : P-0-298 per cent, (F. 1101). 

Peruaiali (18° 26' 30": 83° 38'), Total production, 1900 to 1907 
i?K*liisive, 5,121 tons, containing 10 lo 46 per cent, of mangan('^^' 
(F. 1102). 

Kamabuadrapuraivi (18° 30': 83° 20' 30"), There are thre(‘ sets 
of excavations here, lying within the village limits of So^PUh’AM, 
Mamidipillt, and IbvNKURUVALSA, along" an ore band about two 
thirds of a mile in length, and probably about 100 feet in wodth. 
The deposits consist of bands of kodurite, quartz-kodurito, and 
felspar rock, intruded along the bedding planers of laminated 
felspatliic quari-zites. In 1905, none of the pits had reached <i 
, greater depth than 20 feet, but- the continuance of the ore t(^ 
depths of 67 and 100 ioet liad been proved by boring. The 
consists chiefly of psilomelane, often studded (especially in tlm 
Mamidipilli pits), with crystals of spandite. Pyroliisite is inos' 
abundant in the Bankiinivalsa pits. Production during 1906 ano 
1907, 2,712 tons. Aiialyses (Sonpurain and Bankuruvalsa) : — Mn ^ 
13-76: Fe-ll*35: Si02-3-95 : P-0-33 per cent. (Mamidipilli):- 
Mn-32‘21 : Fc-15-2(): Si02-10'30 : P:-0-482 per cent. (F. 1103). ^ 

Near Taduru (18° 25' 30" : 83° 16') and Chintelavalsa ( i8^ 
25' 30" : 83° 20'), bands of manganese pyroxenite occur, associated 
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with scapolite and hiotite gneiss. No manganese ore was seen in 
coimeetion with these d<^posits (F. 1110). 

These two occurrences liave been referred to {ftee Middl*nni,ss’ 
1219 — ^31, lOo) as affording evidence in favour of correlating a 
portion of the manganifcroii.s .sediments of the (Vnti'al Provinox's 
and their a.ssoeiated rocks witli tlie mangane.se-jryroxemtes, calc- 
gneisses and khondalite of \’izaga])atain. 

Deposits of niangamc.se on^ liave been reported to occur 
at the following additional localities, and from some of 
them the outputs noted below were recorded in 1007 (F. 'IG2, 
1048) 

Baidapilli (?), 1,155 toirs. 

Ba.iuv.al,sa (?), ;102 tons, 

Batuva (18'^ 20':8r 41'), 1,185 tons. 

Boddam (IS'" 24'; 83"^ 42'), 2,519 tons. 

Buttiarayavalsa (18° 21' : 83° 30' 30"), 01 tons. 
Challapuuaai (18° 20' 30" : 83° 31'), 110 tons. 

CniNNA T’au.avalsa ('i), 27 tons. 

Chtnna Ranyan (18° 21': 83° 31'), 2.329 tons. 

('■HiPUUAPAi.Lr (18° 18' 30": 83° 38'), 1,337 tons. 
Dannanapkta (18° 11' : 83° 35°). 840 tons. 

Dfa'ARapillt (18° 13' ; 83° 42'), 419 tons. 

{.Iadauavausa (18° 22' : 83° 38'). 1,378 tons. 

Gumadam (18° 20' : 83° 30'), oSO tons. 

Gttk'pam (18° 5' ; 83° 39'), 13 ton.s. 

.Taua (?), 890 tons. 

Kondap.alem (18° 10' : 83° 37'), 40 tons. 

Kothavausa (17° 53' 30": 83° 15'), 370 tons. 

Kottapfta ('0, 195 ton.s. 

Lakshmipuuam (18° 10/ ; 83° 40'), 3,072 tons. 

LiNfiALAVAU.sA (18° 17'; 83° 45'), 2,150 tons. 

Mukkunauasannapeta ('!). 5 tons. 

Naitjuvalsa (? 18° 40': 83° 18'), 54 ton.s. 

Neijamarua (18° 11'; 83° 31'), 3,942 ton.s. 

Nimmaeavaesa (18° 18' ; 83° 44' 30"), 751 tons. 

Bavivaesa (18° 18'; 83° 39'), 21 tons. 

Keuati (?), 4 tons. 

•Sarveswarapueam {'i), 81 tons. 

SivANj;>HOR.\VAE.sA (18° 24' : 83° ' 30'), 41 tons. 

SoKARAPAEEM (18° 19': 83° 40'), 201 tons. 

Vedullavalsa (18° 21' ; 83° 35'), 1,048 tons. 
ViswANADHAPURAM (18° 30' 30" : 83° 13'), 8 tons. 
VizxARAMPUR.AM (18° 12' 83° 31'), 2 tons. 
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Tlio oufcj)iit of maiiganose ore from the district reached a maxi- 
mum in 1907, when it amounted to ] 36,169 tons. Since then it 
has d('clined considerably, the average annual production durijig 
the fisui years 1909 to 1913 having been 52,812 tons. In 1911 it 
fell to 26,375 tons. In 1915 an output of only 288 tons v,as 
recorded, and in 1916 of 2,755 tons. 

MYSORE. 

The occurrence of manganese ore in Mysore was mentioned bv 
Ainslie (17, Vol. 1, 538) in 1826, but without s])ecifying the localiti(‘s. 
Siina'^ the l)eginning of tlie present century, prospecting operations 
carried ont by tlie officers of the State (Geological Department have 
resulted in the discovery of a large number of deposits, some of 
which are of eousidera]>lo comnrcrcial value ; but in many cases llu^ 
higher grade ores have apparently been worked out, for the produc- 
tion lias declined from alrout 230,000 tons in the three years 190f) 
to 1908, to about 54,000 tons in the three years 1912 to 1914. The 
output in 1915 was 23,125 tons and in 1916, 24,911 tons. 

The ores are in all cases of a su])eriicia] chai’acdm’, resembling 
the lateritoid ores of 8andur in their mode of oi'igin and occurrruicr'. 
They form niasses, often of considerable size, in tlu^ lateritoid rocls, 
and occur also as eoncretionary iiodnles and nests in tln‘, undovlying 
lithomargos, decomposed phylhtes, and (juart/ites, either in tlie form 
of psilomelanc or pyrolusitc. The depth of the deposits will pro* 
bably be seldom found to excei'd 50 buffi., and is usually much l(ss 
than this. The ores are usually of second or third grade (juality, 
with a eoinparativcly liigli percentage of iron, hut with low silic;i 
and ])liospliorus. Tln^ dojrosils occur on the outcrops of the bands 
of Dharwar rocks which traviu'se the Mysorr^ })Iateau in a g^meial 
north to south diiection (F. 1117). 

Ituiigaliuau — 8pe,eimens of banded ii‘on and mangainS':o ore. ar:<i 
of brown wad with fibrmis manganese, were sent from tins district, 
to the Madras Exhihitions of 1855 and 1857, but the hvaditif'S sic 
not stated (F* 1119). 

dliilaldroog, — Sadakuxllt (TT' 8'; 7(r" 15'). A deposit of latcn^- 
toid rock, forming a (tapping to a hill situated about a mile and ;i 
half to E. N. E. of the village. The tliickm^.ss vaihss from 2 to 26 
feet. Psilomelanc is found in flie lateritoid rock and to a ctutain ca- 
tent in, the underlying lithojuarge, and pyrolusitc in decomposed l)ancs 
of quartzite. The amount of ore available iJiay ])e about 10,000 tons. 
In one place there is a deposit of pisolitic manganese and iron ore 
resembling true laterite. The ores tend to be liigli in silica (F. 1122). 
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Dod Krn\M)jiALLT {\T SCi' 30": 70'" Sincetli (1652— li, 12) 

has recorded the occiirreiiee of niaugatiif-roiis lieniatite at tliis 
local it}^ (F. 1124). 

Madadkere (12'’ o3' 3<)" : 7(7’ 27'). Bands of vSoft earthv 
manganese ore, associated with heinadte quartzite and earthy foi- 
rugiiions limestone, were found by Sainbasiva Iyer (1648 — ^0 0 !i a 
line of low liilLs to the E. of the village. A spe(.h)ien fi'oni an out- 
crop 6 feet in width cojitained ‘>4 ])er cent, of niaiiganese. Ext^msivo 
areas are also said to be (‘overed with a deposit of dark’ mangani- 
feroiis earth yielding 9 j)er cent, of manganous oxide (F. 1124). 

Niroudoa hills (1:V’ 58': 7(ih 29'). Iji r)no of those hills, called 
Munisinganagiidda, workable bodies of manganese ore are said to- 
have been found (F. 1125). 

JpLARA HILLS (13'" 55' : 7(h’ 21'). Loose ])iee(‘s of manganese 
ore, some of good (]nality, mixed with fragments of manganiferous 
iron ore, were found by Bmeeth (1652 — 3, U>7 : — 7. 21) on these 
lulls. The occurrence of maTiganese ore in ferruginous (puirtzitcis 
and schists on Jlodimaradi hill in this mhghbourhood has also been 
recorded by Smeeth (1652—S, 1.7) — (F. 1125). 

Particulars of prospering opiuations carried out in 1907 liavc 
been given by Balaji Rao (68 — The ores ai'c said to be of low 
grade, and usually found at depths of 8 to 10 fe(‘t from the 
surface. 

The output of ore from this district, diiiing y(sirs I90(> to 
1910, amounted to 15,511 tous. No returns of ])roduction have 
been I'ocorded since tlie latter year. 

Kadur.— UmiAiNU (12/’ 51': 75'^ 58' 30"). Slater (1649 — 26) 
mentions having fouiul lumps of manganese ore on. the road 
leading westwards from Lbrani to (iauguix in the Shimoga district 
(F. 1126), 

Kax'nikalmatti hill (12A 48': 75^ 53'). In the. map attached 
to Slater's report cited above (10. 11), manganese, and iron ores 
are shown as o(3Curi‘ing on the crest of the hill. Jjargs^ deposits of 
detrital ore have also Imen found at tlie l;)ase of tin? lull on the N. W. 
side, lying both, in the Kadiir and Sliimoga dislrii^ts. The deposits 
show nodules aiid concretions of psilomclane in a .matrix of clay, 
as much as 25 feet deep in one place (F. 1126). 

An output of 3,307 tons of ore is recorded in the year 1909 from 
this district. 

Shimoga. — Mangam'.se ore from tliis distrini was shown at the 
Madras Exhibition of 1855, and small quantities were afterwards 
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employed at tlio Madras School of Art for colouring pottery and 
glass ; but it was not until the district was geologically surveyed 
by Slater ( 1649—1 ; in 1901 — 1907 that the existence of 

deposits of conirnercial value was discovered. 

The rocks associated with the ores am phyllites, dolomites, jind 
quart/dtes comprised in the. Dluxrwar-Shimoga band of the Dliarwar 
series- The ores occur as lateritoid masse.s, resting upon the out- 
crops of thes(^ rocks, espocually of the decomposed phyllites and quari/- 
zites, and are usually found on the tops of the hills, forming ca|)- 
pings with a nearly horizontal upper surface. In mode of origin 
they resemble the lateritoid ores of Sandur in Bellary, and consist 
of the same varieties, psilomelane, wad, and ])yrolusite. Piso- 
litic ores, composed of spherules of psilonu^larie set in a mairix 
of wad or of lead-like ])si]omelane, are not uncojmnonly found. 
The ores are u.sually of sraiond or third grade quality, containing 
on the average about 47 per cent, of manganese. Tlicy (‘ontain a. 
comparatively high per(‘cntage of iron, but that of silica and plifx;- 
pliorus is very low (F. 1129). 

The localities at wtiich the de))osits occur are arranged in live 
g roups by Perm or : — 

1. SuiKARPUR grou]) : — 

44m grouj) com])riscs five deposits, extending in a line eastwards 
from lTiomi.\];j;r (14^^ IT: 75‘' 28' 30") through V.vrderpur, Hosnii 
and Kacmxkllt to lh\LLUR (IT' 15' : 75^' 34' 30"). ISlo inforniation 
with regard to the mode of occurrcmce oj* extent of the deposits 1;^:^ 
been publislied (F. 1133). 

n. Ayanur group : — 

Toitur (14^' 5' : 777' 22'). A specinum of dull gr(ty psilomela, 
from this deposit, situated to S. W. of the village, contained 32* !0 
per cent, of manganese and 28*11 per cent, of iron (F* 1134). 

KoiMSi. (I k' 3': 75"' 27'). These deposits are situated on i!ie 
northern s]o|je of the hills about 3| miles to N. by W. of the village, 
and ar(^. the most expensive in the district, measuriug about ],00(> 
feet in length, and 32 hmt in width. In 1907 the workings i)ad 
reached a depth of 25 feet without signs of serious deteriorating 
in the ore, and tlui total (juantity available witliiji a maxinuini deidli 
of 50 feet was estimated by Fermor at about 300,000 tons. Ti c 
d(q)osits mainly consist of large concretionary boulders of ])S!lo- 
melane, with compa]*ativeIy little interstitial clay, but in phus'S 
they appear to be bedded. The quality of the ores is variabhs, 
owing to the replacement of niangancser by iron. The moan of 11 
analyses showed: — Mn--“-46*68 : Fe— 10*86 : SiOe--'-T34 per c(S!t. 

(F/ij35). 
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The deposits are worked the New Mysore M;uiaaue«e Co., 
and. produced about ICO, 000 ton.s of ore duiing the three vears, 
1900 to 1908. 

Btkonhaiai (14:° 2' : 75° :19'). The ores occur in latcritoid 
cappings on a hill situated nearly 2 miles to W. S. W. of the villagv'. 
They are developed in a very irregular manner, forming a netwoik 
in partly replaced jthyllitc and quartzite, and probably do not con- 
tinue to a greater deptli than 50 feet. The (du<>.f ores arts jiyrolusiie 
and manganiferon.s lirnonite. Analysis (average sample) ; — Mn--- 
15-2:?; Fe^lOdJO: P--0-0.53 per cent!^ (F. 1139).'' 

ALAPirAULi (14° 2' : 75° 10'). Two outcrops of ore are said to 
occur on the side of a hill to the S. of tin; village (F. 1112). 

TTI. Shankarcuoda groiq) : — 

BiiANKAltGUDDA (13° 55' ; 75° 28'). Deposits of pisolith; man- 
ganese ore wtyre founfl by Blater (1649 — 4, 54) at three p)luc.es on 
the crest of the range to the. S. K. and B. B. Ih of Bhankargudda 
peak, 'rhe deposits were he-ing worked in 1907 by the New Mysore 
Manganese Co. Hand speeimen.s of the ore yitvlded from 40 to 55 
])er cent, of inaiigane,so, 4 to 17 per cent, of iron, and O-OG per 
cent, of phosphorus (F. 1113). 

\h.mkataraniaiya (1838 — 3. 157) has given details of the mines 
worked by th(^ Worlvington Iroir and Steel Co. in these hills, 

Tirandur (? Todur, 13° 43': 75° 27'). Slativr {1. c.) records the 
Imd of a loose block of manganese ore 3 ftirlongs to E. of the 
village, which is situated betwrien Mandagadrh; and Malur, about 14 
miles to the S. of Bhankargudda. 

IV. CtlANNAOTRI group : — 

SuiAiKERK (14° 8' : 75° 5C'). A deposit is said to exist on a hill 
at the western end of Sulckere tank (F. 1145). 

(tAPDIKALmatti (13° 57' : 75° 51'). T.he de])osit foimcd a ciip- 
pmg to a small hill at the road side, 4Cl niih'.s from, (.'hitaklroog, but 
has been largrdy removed by excavation. A con.sidei:able (juautity 
of detrital ore was seen on the slopes of the hill (F. Hi5). 

Budbamatti rE.\K (13° 57' : 75° 55'). Situated a little It. of the 
mad about IDJ miles fj'oin Chitaklroog. An outcrop of ]att;ritr)id 
ii'ou ore is exposed, by the side of which is an excavation showing 
>'elIow ochre mixed with psilomelane and coutaii.iiig large patches 
cf pyrolusite (F. IIIG). 

liosiiALLi (13° 58' : 75° 55'). Latcritoid d<'posits occur in a 
group of four hills lying to S, S, E. of the village. On the mo.st 
^southerly of these, — called Treasury hill in couse(jueuce of a discovery 
cf fine specimens of radiate pyrolusite lining cavities, —a trench sec-- 
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tion exposed about 44 feet of alternating layers of psilomelane and 
yellow oclire. The psilomelane is often intimately associated with 
a pemiliar horny variety of hematitt^ (F. 114(i). 

V. SinODARllALLT. gVOUp I — 

Gangur (l:r ni': irf bli' Slater (1649--~r>, 24) records tlie 

•oceiirreiiee of lateritic (lateritoid) deposits Avith liematite and piso- 
litic manganese ore over a)i area of 2 to square miles on the crest 
of a ridge lying to N. N. E. of the village! About 1,000 tons of ore 
are said to have been raised in 1907 (F. 1148). 

KAN.ri(OANAf]iriTl A 

UiiUAiANJANMATTi. Priiese three deposits are situated Avithin a 

Nagalaouttt 3 niile to N. and N. E. of Shiddarhalli villaao 
(1‘T'’ 48' : 75'' 52'), The first shows clearly the passage by replaces 
meiit of argillaceous rocks. — slat(^s or phyl lit es — i ni^o lateri t oid 
contaijHUg Avad. ])silomelane, and Inmiatite. The second exnibits the 
im])i*egnation and re])lac<anent of (|u.artzit(^.s by iron and manganesi^ 
oxides. The thii'd dej)Osit, lyifig at base of IJriimanjauriuitti 

hill on the M sid(‘, consists of detrital oi'c })rol)abIy derived fioin 
the summit of the hill by deauidation (F. 1 149). 

Tlie productiim of. mangamese o?'e in this distriet has giaaitiv 
declined since tlie vear J9(>7, Avlien a maximum output of 97.091 
tons VAiis recorded. The average foi* tlui live years 1909 to 
was 2().087 tons. Jn 1911 (be distriid produced 18,055 tons. 


Tirinkiir. Th<^ manganese deposits of this distriet are all sitinU^jd 
Avitliin a radius of 12 miles to the B. and S. E. of CiiiiCNAyAKANnALiJ 
(15^' 25': 7(7’ 41'), and lie in the southern extension of the (4ii(a!- 
droog or Jlambabthiilcnayakanhalli band of Dhaiuvar rocks. The 
ores are of ])oor ([uality, probably containing on the average nc-t 
more than 42 to 45 per emit, of manganese. The dejiosits arc 
divided by Fm-mor into three groups, only one of which has liecii 
■<lescril)ed : — 


Cm KNAYAK anh.'j;li 


Kondli group. 


fHoNNKBAOi fi;r 24': 76" 41' 30'), 
lll'osHALU (Ke 26': 76“ J2'). 

{■ MAVJNHAI.LI (i:c 22': 76° 47'). 

PlvoNDH (2 deposits) — (13° 22': 76° 16). 
(Hihvasandra (1.3° 21': 76° 47' 30''). 


KAKKKiJCflr group : — 

SONOENHALLI (13° 22': 76° 43'). Yellow oclire with patches of 
pyrulusite aud liuionito is exposed in pits, also lateritoid outcrops 
with psilomelane and pyrolusite (F. 1103). 
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Muskondli (13” 21' 30" : 70” 4'^'). A trciioh shows wad and 
ochre with residual patches of quartzite partly converted into 
cavernous pyroliisite and linionite (F. lloS). 

Kauekurchi (13” 21': 76” 46'), Outcrop of, latoritoid rock on 
.elevated ground about half a mile to E. 10” N. of the village. 
Patches of psilonielane and pyrolusite, sometimes of good quality 
and considerable size, are found irregularly distributed througl) a 
mixture of ochre, lithomarge, and wad (F. 1153). 

IIattyal (13” 20'; 76” 15'). Pyrolusite and wad occur as 

patches and bands respectively in white lithr)nuirg(\s and ‘ sandstones/ 
‘(probably decomposed quartzites) (F. 1 151). 

.Harknjialli (13” 19' : 76” 16' 30'/. The deposit here is similar, 
to that at Karokurclii. 

Diu'ing the y(\ars 1906 to 1908, the distilet ]>rodiiced 25,101 tons 
of ore. Since then no out])ut lias been r(^corded. 

NORTlhWRSr I RONTIHR PROVINCE. 

liohat. — A Ix^d of flattened concretionary nodub.'S, consisting 
of limestom^ impregnated and ]>arily ieplac(al by nuingamtse oxide 
was found in 1906 by Amin Kliau, a student at the ('awnpore Agri- 
cultural Co]l(^g(‘, on the western slopes of Ta.jut uill (Taaiioo'r Sjr, 
33” 31': 71” 12'), two miles to the S. of Ihrahim Zai (P. 1)55). 

PUNJAB. 

Jhang. — IvfHANA HILT.S (31” 58': 72” 45'), Fleming (591— r>, 
416; — 8, 94) stat(‘s that he found small spocinums of pyrolusite 
filling caviti(‘.s in ‘ sandstone ’ (slaie.s) ; but Heron, who examined 
tliese hills in 1909 (.wy; ITayden, 793— - 1 , 71), could find only traces 
of the mineral (F. 1156). 

Kangra. — C'rystals of niarcelliue, an impure form of bmunite, 
have been repoitcd by Marcadieu (1168 — l., 4) to occur at a spot 4 
iuiles to the N. W. of Ditarmsala (32” 14' : 76” 23'). Tliey are said 
to be found in a ferruginous and mangauiferous limestone. 

Calvert (265 — 2, 11) mentions the occurrence of a small lode qf 
]\vroliisite with bismuth at Tbirri (Strui, 31” 50'; 77” 1.1'), on tlie 
borders of Kulu (F. 1156). 

Patiala. — Bose (173 — 2i, 58) states that extensive deposits of 
bmestone and shale impregnated with manganese oxide occur in 
the neighbourhood of Gorla, Duroa-ka-Nano al (27” 53' : ‘76” 6'), 
in the Narnaul distjict. Specimens consist of ampliibob/ic lime- 
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stouo pa-rtly K'placcd by iiiaugaiiese, but not suillciently so to reudor 
tho ore commercially valuable (F. 1150). 

RA.II>liTANA. 

Ajmer. — Specimeus of stalactitic psilomelaiic with limouite are 
preserved in the (Geological iSurvey Museum (Mallet, 1159^- e.o, 
61). Pyrolusite has been found near Kharwa (20” 12' : 71” 30') 
by 11. .1). Kanga (F. 1157). 

Alwar.— Tho iron me of ]>HAN(!Ami (27” 5' 30" ; 70” 21') is 
reported by Hacket (730-— 2, 91) to contain 12-7 p<;r cent, of manga- 
nese (F. 1157). 

Itiuiswiira. — Deposits of manganese ore hav<? been found I)}' 
Messrs. Kiddle, llceve and Co. of Bombay at Itala (23° 17' 30' ; 
74” 22') and the villages of Sauwa, (tH.atia, KiarNrM, Sivoxf\. 
and (vARAOiA, all situated within a few mihis to the K. W. ot 
Itala. The ore at Khunda and Sivonia is .said to be of good fjuality. 
Specimens of jryrchusite from these depo,sits have been found to be 
exceptionally ]jure. containing 01-08 per cent, of mangane.se (F. 
1157). 

liiimli. — Small vciiis of oxide of manganese occur in fault rock 
near Datun.ua (25° 27' : 75° 30'). According to .Hacket {see Ball. 
71 — 45, 331). these deposits have not been worked (F. 1158). 

Harwar l specimen sent to the Geological Survey 

(Jodiipiir). j ^ 

obtained by Major Hughes near Haripdr (20° 1' : 71° 5'), proved 
to be partly altered rhodonite (F. 1158). 


Mewar l_4iallet (1159—50, 61) mentions specimens 

(Ihlalpiir). j . ~r . , o ’ 

psilomelano with liiuonite, collected at Gancuar (2;> n . 74 10 ) 

Hacket (F. 676). 


(.4 


UNITED PROVINCES. 

iliirzapnr.— The only known instance of tho occnrrence r)f mu) - 
gancse in those provi]ices i.s recorded by Mallet (1159—50, 8 :). 
lie says that a specimen of rhodonite was given to him by a bhrt, 
or native iron-smelter, who found it a foot or two beneath the surface 
in the southern part of the Mirzapur district. The precise hjcahty 
is not mentioned (F. 1158). 
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MARBLE see under BUILDING MATERIALS. 

MELANTERITE see SULPHATES IRON. 

MERCURY. 

The evidence in favoui' of the occuri'euce of incrcury in India or 
the adjacent countries is defective and unsatisfactory, since it de- 
pends almost entirely on single statejuonts which do not a])pear to 
have been subsequently investigated. Those accounts which do 
not owe their origin to the accidental breaking of a barojneter tube, 
01 perhaps the cscap<3 of mei’ciiry from a dispensary, reft^r, with the 
exception of Aden, to localities which are difficult of access. 

ADKN. 

Malcolinson ( 1158 - 11 ) gives a circumstantial account of the 
discovery of small globules of mercury in a cellular mass of lava, 
which was found at a depth of 15 ft, at a s])ot about 200 yards from 
the beach on a road then (1813) being mad(3 through tl )0 centre of 
the new eantonmont (B. 172). 

AFGHANISTAN. 

Hutton (900 — B, GOO) states that meivnry is said to be dug out 
of the ground at Pin Kisui (? 18' : 02*^ 18'), in the district of 

Gurmsael or Garmsir (B. 170). 

ANDAMAN ISLANDS. 

Ball (71 — 11, 238) c| notes a statement made by Mahomniedan 
travellers in tlie ninth century, to the effect tliat a paity of sailors, 
having landed on an island supposed to be om^ of the Andamans, 
and having lit a fire, saw a nu^tjil resembling molten silver run from 
the heated rock. They are said to have brouglit away a (juantity 
of the ore, but were eom])<dled by a stojun to throw it overboard ; 
and the locality, though carefully sought for, was never again identi- 
fied. 

Another account by Hamilton (714, Vol. IT, GG ; ({noted by 
Mouat, 1263 — 3, 12) states that a slave from the Little yVndaman, 
who had been permitted to revisit his country, brought away a 
quantity of quick-silver, which he reported to be abundant. Ball 
appears to consider it possible that c/innabar may occur in connection 
with the intrusions of serpentine known to exist in the islands (B. 
171). 

2 A 
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BURMA. 

It has been asserted, on what appeared to be good aiithoritv, 
jthat cinnabar has been found in the Shan States ; but it is probable 
;(bhat the brilliant rod clay derived from the dolomitic limestones of 
the plateau has been mistaken for tliis mineral (La Touche, 1031 — 15 , 
379). 


TIBKT. 

Saunders (1559—1, 90) mentions tlm occurrence of cinnabar in 
Tibet, but does not specify the locality. According to (JntzLaiT 
^(728-2, 202), it is said to be found at IkiTAXG (30'^ 0' ; 99^^ 30'). 

MICA. 

A inonograpli on Indian mica, in which the mineralogical and 
chemical characters of this substance, its geological occurrence and 
geographical distribution, and the methods of working the deposltvS 
were fully disemssod, was published l)y Holland (859 - 37 ) in 1902. 
From this worlc tlio notes given below are mainly oxtracterb references 
to it being denoted by the letter H. 

Althongli mica is one of the most common constituents of schists, 
granites, and othtir crystalline rocks of nu'tamorpliic or igneous 
origin, it occurs as a commercially valuable product only in the 
coarser forms of pegmatite, which are believed to have solidified at 
considerable depths in the earth's crust. It is therefore restiict^nl 
to areas which have undergone long continued denudation ; and, 
on account of the susceptibility of the mineral to deformation by 
earth movements, to those which have not been subjected to violent 
crust disturbances since the period of intrusion of the pegmatitos. 
These conditions are fulfilled by the Indian peninsular region, whicii 
has enjoyed a period of rpuescence since at least the lower Pahnozoic 
age ; and accordingly the most valuable deposits of mica are to 
be found in this area. 

The pegmatites commonly occur in the form of sheets intruded 
along, but sometimes cutting across, the toliatioti or bedding planes 
of mica schists, quartzites, etc., of the upper ArchLean group, or 
occasionally forming lenticular masses and bosses. The mica is of 
the variety known as muscovite. 

The average annual production of mica in India, during the five 
years 1909 to 1913, amounted to 36,749 cwt., or about; 05 per cent, 
of the world's production during the same period. In 1914 the out- 
put was 40,500 cwt., but in 1915 it fell to 27,140 cwt. 
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BIHAR AND ORISSA. 

The mica deposits of this province are distributed along a belt 
of schists and associated gneissoso granite (dome-gneiss), about 
12 miles in width, forming a scarped border to the gneissic plateau 
of northern nazaribagli, and extending from Bendi in tliat district 
through the south-eastern portion of (laya to the neighbourhood 
of Nawadih or Jha-Jha in Monghyr. a distance of about CO miles. 
Up to the year 1902, some 250 so-called ‘ mines * had been opened 
along this b<dt. These workings were of the ]nost primitive and 
wasteful description, being cither ti'enches not more than 20 to 
25 ft. deep, or tortuous liohvs following the mica from ‘ hook ' to 
‘ book,' in wliich no adequate provision was made for dealing with 
water or waste material, or for vamtilatiou. 'Diey were described 
by Biichanan-Hamilton (see Martin, 1181, Vol. 1, 214) in 1838, and 
later by McClelland (1117 — 33, 20), Slnu'vvill (1625 — 7), and Mallet 
(1159-7, 41). 

About the year 1898, a regular system of mining by means of 
.shafts and cross-cuts was adopted by the Indian Mica ('o. at Lalki, 
near Bendi, under the diia^ction of Merv^yn Smith (1654 -0). and has 
been gradually extended to other localitn^s. The advantages of 
employing a systematic plan of st()f)ing, which is rendered possible 
by the occurrence of the miea-bearing pegmatites in more or less 
regular sheets, has been pointed out by Holland (H. 80). 

During the years 1904 to 1914, seven mining leases, covering a 
total area of 2,072 acres, were granted in th('. Gaya district, and 71 
leases, covering 11,902 acres, in Hazaribagb. 

The principal mining centres enumerated by Holland (H* 4R) 
,are : — 

Oiiya Dabur (2C^ W : 85^ 

Rajauli (24^ ‘59' : 85^^ 33' 30"). According to Sherwill 
(k c.), writing in 1851, the, so mines yuoduced about 14 tons of mica 
annually, yielding about 23 million plates of 9 ins. square. 

IIuKatibagh Bendi (21^ 31' : 28' 30"). 

Charki (24^ 34' 30" : 85^ 53'). 

Ditab (24^^ 35': 85" 50'). 

DoMCHANcn (21" 28' .30": 85" 45'), 

Gawan (24" 37' : 85" 58' 30"). 

Ghak.wji (24" 33' 30": 86" 12'). 

Kodarma (24" 28' : 85" 39'). A full description 
of the mode of occurrence of mica at this locality and in the neigh- 
bourhood, and of the mining methods employed, has been given by 
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Dixon ( 490 ). A systcniatio plan of working the dcsposits was intro- 
duced about the year 1907, and has been described by Dickson 
( 485 — I ; —2). The dip of the jregnratitc sheet having been a.scef- 
tained by following it to a depth of about 100 ft., and the strike by 
an exploratory drift following the hanging wall, the bodies of mica- 
bearing pegmatite met with are w'orkecl out by a series of transverse 
cuts, the spaces left being iilletl in with waste rock. Overhand 
.stoping i.s not advocated by the authm', on account of the danger 
from falls of the roof, where many of the miner, s employed are of 
noc(!ssity practically untrained. 

Tiski (24° 05': 86° 7'). 

Moiighjr M.\HAJSKf (24° 42': 86° 19'). 

Nawadih or JifA-dHA (24° 47': 86° 26' 00"). 

The average annual output from the Dihar mica belt, during the 
five years 1909 to 1910. amounted to’ 25.579 cwd. In 1914 the 
production was 33,275 cwt., and in 1915, 22.195 cwt. 

Majarblianh— Bos(i (173- 20, 171) ha.s recorded the occurrence 
of jrromising veins of mica-bearing pegmatite, ex]io.scd at intervals 
along the 8 ankrai 11. in the neiglibourhood of Jamgodia (22° 6' ' 
86° 34'). Plate.s measuring more than 8 .srp ins. were obtained 
from the outcrop. PI('ce.s of smaller dimensions wei'e observed 
near Sirsa (22° 14' 30" : 86° 42' 30") and Banoarposi (22° 9' ; 86° 35') ; 
also about 'I'iring (i 'riKiNGDivi. 22° 31': 86° 8') and Raibi<:i)[ (22 
27' 30": '86° 4'). 'u the Bamanghati .snh-division of the State. 


BOMBAY. 


. V— Mica depo.sits have been reported to occur in 

(('luilii I (laipur). j ^ ^ 

the (lAnAi TA iiinns. wntbin 3 miles of the town of Chota Uoaipi p 
(22° 18' : 74° 4'), but have not received expert examination (H. 53) 


(Xariikol). — Mica occurs in abundance, according to Ldilljamis 
(629—0, 101), on a hill called Diiola SoirUR, lying to the S. AV. of 
Jambhuooda (22° 22' ; 73° 48'), but is found only in small fragment.' 
(H. 53). 

BURMA. 

Small quantities of mica have been obtained near Ye->;ya-u, nr 
the neighbourhood of Thabeikkyin (22° 53' : 96° 1 ') iir the Ruby 
Mines district ; and its occurrence lias been reported from sevo'a) 
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places near the Indaw R., flowing mto the Indawoyi lakic (25^ : 

26'), in the Myiikyina district (H. 51). 

CENTRAL INDIA AGENCY. 

JiiahiiM. — Mica has been reported to occur at Kanas (22" : 

74"^ 36') and Ranapur (22"^ 39' : 74"^ 35'). but on investigation the 
deposits were found to be of no value (see flolland, 859 -tU), 18). 

Bewail. — Sheets of nii(*-a, 1 to 5 ins. s«piare, liavc. boon found at 
Bakoghatta (23"^ 58' : 82^^ 17') in Singraiili. The rocks of this area 
resemble and appear to form a continuation of those constituting the 
Bihar mica belt, and arc traversed by uminu'oiis intrusions of schorla- 
ceous pegmatite (H. 51). 

CENTRAL PROVINCES. 

Balaghal . — Urant (690, 18) mentions old mica workings in the 
Baihar sub-division of the district. As the result of ex‘])loratory 
work, some mica was raised at Oiutadongri (22® 8' : 80® 31') and 
Bamni (22® 8' : 80® 41' 30") in 1809, but apparently in sizes not 
larger than 8 sep indies (H. 55). 

A mining lease in this district, (‘.overing 171 acres, was issued 
in 1912 to Messrs. Lalbihari and Ramcharan. but no output has yet 
been recorded. 

Bastur. —Plates of muscovite measuring 1 to 5 ins. across were 
found in 1899 by Bose in a coanse granitoid rock exjiosed in the 
Baordmig R. to the 8, of Jun(jani (19" 15' : 81'^ 13'). The s]}eci- 
mens obtained wer^i from t,he weathoDHl outcro]), and were damaged 
by gliding planes (H* 05). 

Biiaspiir. — A certain aTimunt of ])ros])ectiug lias been nndcrtalvcii 
at Komocuoki (22® 36' 30" : 82® 7'), where there are numerous jieg- 
niatite veins, but the mica obtained did not exceed 2 ins. sqtiare, and 
was of second-rate cpiality (H. 55). 


MADRAS. 

toimbatore. — Muscovite occurs in coarse conindum-bcai'ing fels- 
par rocks near Karat apalaiya.m (11® 3': IV 35'). and in nunuuous 
pegmatite veins in the same neiglibourhood and ncai* Pajityuu 
(11® 3' 30": 77® 33'). 4n attpupit to wmrk the deposits proved un- 
successful, as the mica is not snfiiciently large or abundant to pay for 
iniaing the mica alone (H. 58). 
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, In the year 1913, four minirig leases for mica, covering a total 
area ol 238 acres, were issued in this district, but no statistics ol 
output have yet been recorded. 

€(]org. - Muscovite of good quality has been found near Polli- 
BRiTA (12 ‘ 11': li}' O'), in pegmatite veins traversing a group of 
sdiists similar in character and origin to those associated with the 
mica deposits of Bihar and Nellore. T)ie plates obtained were in 
one case large enough to be cut into rectangles from 5x7 ins. to 
12x11 ins. in size., and were favourably reported on in London, 
lut no development of this area has apparently taken place (H. 55), 

(janjaiii. — \eins of coai'se pegmatite, occasionally charged with 
mica, were found by Smith (1657- ‘h 104) at the villages of (JoKAtv 
ANDi, Bodiamba, iifid JjLLrNDT, situated a few miles to the S. W. of 
Russelkonda (19^ 55' 30" : 84^ 39'). The occurrence at tlillimdi was 
the most promising, plates of mica of 5 iirs. diameter being ob- 
tained at a depth of 3 to (i ft. ; but at a depth of 8 ft. the mica dis- 
appeared. It was of poor (|uality and very frequently penetrated 
by crystals of quartz. 

Mica of poor quality has been reported to occur at Sjsunda 
(20° 3' : 84° 40' 30"), and at a locality 4 miles to N. and 2 miles to 
E. of the Ravacada and Gum a hills (18° 59' : 84° 5'), in the Parla* 
kimidi estate (H. 58). 


Malabar 4 tt r 

(Wyuaad). 


)uic.a- boating 


have been discovered at the following localities :~ 


CUEUAMBADI (IC 32' ; 76° 22'). 
Devala (11° 28': 76° 26'). 
Gudaujk (11° 30' : 76° 33'). 
Nkllakota (11° 34' 30": 76° 27'). 
Pandaluk (11° 20' : 76'-' 24'). 


pegmatite 


The ‘ books ’ of mica in thi.s area ii.siially occur in the centre of 
the pegmatite veins, with dyke-like masses of quartz on one side, 
and almost quartz-free felspar on the other. At Cherambadi, the 
only place where mining had been carried on in 1002, the mica, 
according to Ha)'’den (793 — T), 56), was ruby-coloured and of excellent' 
quality, occurring in crystals up to 2 ft. in diameter. The mica is 
remarkably free frmn accessory minerals, and the country rock is 
usually a soft biotite gnei.ss, which is easily worked (H. 65). 
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^cllore.^Mica uiiiiiug in the Nellore dist-riel has attained coi\' 
siderable iinportaiKa; since the tirst mine was opened in 1889 at 
Inikiirti. .During the years 1901 to 1911 inclusive, tlui mining 
leases issued numbered KiG, covering a total area of more than 11,000 
acres. The mode of occurrence of the luindpal mica de])osits have 
been described by Thompson ( 1772 ), Ivrishuaiva ( 1014 ). and Dixon 
( 490 ) ; and geology of tlie region bv T. L. Walkoj* (,vee Holland 
859-^37, 59). 

The plains of Nellore, lying betwani llio Veligonda range of hills' 
and the Bay of B(nigal and between the i lth and 15lh parallels of 
latitude, are occupied by a complex series of gneisses and schists, 
striking generally from N. N. \V. to S. 8. E. Tiie eastcu'n half (.)f this 
schistose area is traversed by mmierous slu'ets and lenses of enarso 
pegmatite, consisting of mi(‘a, felspar, and ([uartz. Krishnaiya 
divides the mi(‘.a l)elt into four zones, named lesjiec^tively afbn* the 
towns of Gudur (1T^ 9': 79" 5E 50"), Rapur (M" 15'; 79" 56')j 
Atmakhr (14" 57' : 79" IT), and K.avalt (11" 54' 50": 80" 5'). 
The principal mines. -those of ‘ l^allimitta * and * 'rdlabodu ' nc.ir 
Saidaptiram (11" II' : 79" 18'); KvucMiibDi^ (U" 18': 79" 18') ; 
Inikurtf fl4" 20' 5(r : 79" 46' 50"); and M^akshininarayana’ near 
Ghaoanum (14" 12' 50" : 79" 44' 50"). are sit uated on lenticular massc;^ 
()] bosses of ])egmatite. ‘ Sankara * mine, 5 miles to the W. of 
Griddalur (.14" 16' : 79" 50') lies on a vein over 100 ft. in length and 
40 ft. wide. These arc all in the Kapur zone. A vein 15 ft. thick, 
in chlorite schist, is worked at Manoaipiui ('() in the Gudur zone; 
and a mine named ‘ Happala Dibba ‘ ir» the Atrnaktir zone is worked 
in a vein about 150 ft. long and 40 ft. wide. In B)10 the Inikurti 
deposit had been quarried to a depth of 150 ft. ; and in this and some 
of the other miiu's levels were being driven uudergroimd, but only 
si.x were efpiipjied witli pumping machiiierv. 

The mica obtained is usually of a greeiiish colour, din^ to a trace 
of chroniiuin, but ruby-coloured mica is occasionally found. Mucli 
of it is stained with oxide of iron. The prodiuTion reached a maxi- 
mum in the year 1906, when it amounted to 21,420 cwt. Since 
that year it has declined, the average aimua! outjuit for the quin- 
quennial period 1909 to 1915 lieing 8,868 cwt., as against 12,931 
cwt. in the preceding five years. In 1914 the output jell to 5,989" 
cwt., and in 1915 tlnne was a further decline to 5,894 cwt. 

Saleiii.— Plates of brownish muscovite, measuring a foot acrosi? 
the cleavage planes, were obtained by Middhaniss near Iddapa D l 
(ir 35' : 77" 53' 30"), and mining on a small scale has l)eon attempted 
at Chinnamali, near that town, and at Ar.vsipamani (11" 33' 30" : 77*^ 
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bV). Th^i pegtiiatiies of this area are instrusive in granites, and are 
not likelv, in Holland’s opinion, to contain mica in paying quantity 
(H.6G)/ 

Travancore. — ^mber-colourcd pldogopitc, biotite and muscovite 
occur in the Eraniel Taluk, according to Masillainani (298, 21, 34 ; 
1183, 3), in veins of coarse pegmatite, but attempts to work the de- 
posits ]\av(? proved unsuccessful. The principal localities inontioncd 
are Tipckramalai (?) and Toltcode (8^^ 14': IT 16'). 

In the northern division of the State, veins of mica wore observed 
by Chacko (297 — i, 9) at Kurinji (9° 49' : 76* 44'). An outcrop 
50 ft. long by 20 ft. broad was exposed, but the mica was of poor 
quality. 


Viyuigapataui. — Phlogo'pite in even sheets, 4 to 5 ins. in diameter, 
exhibiting the phenomenon known as (isterism, has In^en found on 
the Waltair estate (H, 23,67). 

MYSORK. 

Ilassaii.— According to Sambasiva Iyer (1548 — 10, 60), mica in 
plates u]> to 6x6 ins. in size is said to occur in a watercourse draining 
a tank to Dm E. of rniKKANHALLi (12'^ 46' 30" : 76'' 10'). 

hadiir.—Sampat Iyengar (1549 “-il, 69) records the ocouricnco 
of mica in plates up to ]0x8-ins. in size in pegmatite veins intrusive 
in gneiss near KrKRi (1?A 25' : 75" 20'). The mica is said to be con- 
fined to a deptli of 10 ft. from the surface. About 540 cwt. had be, on 
collected by tlu' end of March 1911. 

Mysore. —Primrose (1431- 2, 52, — S, 220) mentions the occurrence 
of mica in ]dates of fairly large size in veins of coarse piigmatite near 
Kttpya (12'’ 28' 30" : 76" 19') in the Yedatoro Taluk, and at Undi- 
VADI (12" 24': 76" 37'). 

Mica has Ixam woilcod, according to Wcthercll (1915-1, 101). 
ill a vein of coaise jiegmafite near ViiiA.siMUORA (Vauesawuura, 
12° ;i:r : 76° '17') to the N. E. of French Rocks. 

A list of the localities at w.hich niioa has b^en observed bv the 
State g(;ologiats in Mysore is quoted by Holland (H. 68). 

Since the year 1911 a .small annual output of mica has been re- 
corded from the Mysore State. The amount raised to the end of the 
year 1915 was about 1-50 cwt. 
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PUNJAB, 

Gurgaoii.— Mica in large plates is said to be obtainable at M vh vv 
Ti (?) and BiiuNsi (28" 21'; 77" 7'). According to Badeu-Powell 
(60—1, Vol. I. 42), a tine specimen from one of those localities was 
shown at the Lahore Exhibition of 18(51 (H. (58). 

Kaiigra 4 « i c i 

(Ithabeli). / i^iystals ot brown muscovite, measuring ii]i to 5 or 

G ins. in diameter, and 1 or 2 ins. thick, were observed bg Mallet 
(1159—1, 169) in the granite at W.VNtrru maixn'; (dl" 32' : 78" 4') 
on the Sutlej R. (H» 69). 

(liiilu). Plates of miCci of marketable size have been obtained 
in the upper Chandra valley, e.spccially near the Hamta pas.s (32" IG': 
77° 26'), and in the upper reaches of the Parbati valley ; but they 
have usually been defoinied by earth movements. They occur in 
contemporaneous veins in gneis.sose granite, and in veins of jiegmatita 
traversing the associated schists (H. G9). 

Patiala.— Bose (173—21, 58) mentions the occurrence of musco- 
vite in lenticular veins of coarse grained granite intrusive in Arvali 
rocks in the Narnaul tehsil. 'Plie loc.ilities speci.ally inentiontM arc 
(Iatasher (27° 58' : 76" 6'), Sar.mli, Mus.muta, and P.axck.v.auta 
(27° 53' 30" ; 76" 4'). ' Books ' of mica up to OxG ins. in .size w'ere 
obtained. 

RAJPUTANA. 

Ajiner-Merwara.— Irvim‘ (910 i, 165) states that mica in large 
plates occurs abuudantlv in the di.strict. It ha.s been found near 
■Ajmer (26° 27': 74" 41'). Biii.xai (26° 3': 74° 50'). and 'I'AbANA 
(26° 19' 30" : 74° 55') ; and in Merwara at Kalinjar (26’ 0' : 74" 
19' 30"), Rawatmal (2.5° 54' 30" : 74° 13' 30"), and Sumakuera (2.5° 
49' ; 74° 8' 30"). No extensive mining has been earried out in the 
district (H. 70). 

.Iai|»iir. - A plate of mica measuring 10| x5| iuc,he,s was sent to 
the Colonial and Indian Exhibition of 188G. In ((ualltv it wa.s 
inferior to llazaribagli mica (H. 70). 

Kisliangarh. — Weathered sam])les of mica fi'om this State wore 
reported on by Diinstan (514—2) in 1900 and ]U'ononnced to be 
worthless, on account of the striated and cracked condition of the 
sheets. Several outcrops of coar.se pegmatite, traversing gseissose 
granite, were subsequently examined by Vredenburg. Tlie most 
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promijsin^^ veins were seen about a mile to the S. W. of Dadia (26^ 
25' : 75^ 2') ; about a mile to the N. of Neagaon (2G^' 5' 30" : 75'^ 5') ; 
and about 2 miles from Sarwar (20*^' 4' : 75^ 4') on the northern side 
of the Nasirabad. road. Those deposits do not a})pear to have re- 
ceived furtlier attention (H. 70). 

Sirolii, — Plates of good miiseovite. measuring 5 or G ins. square, 
have been obtained }]ear Rohika (24"" 37' : 73“^ i' 30") by Major 
.Hughes (H. 71). 

Toiik.^M uscovite of good quality, in plates luoasuring 5 to 6 ins. 
across, has been found at several places in the CiiATi'ARBnA.} hills. 
to the N. E. of Tonk (26^ 10' : 77/' 51'), and sent to the (Jeological 
Survey Museum (H. 71). 

A certain quantity of mica has been mined annually in Rajputana 
since the year 1904. The average annual output, for the five years 
1909 to 1913, Avas 1,2S4 ewt., as against 4,664 cwt. in the previous 
quiiKiuennia! period. The pre'duetion in 1911 amounted to 1,192 
cwt., and in 1915 to 1,012 cwt. 

MINERAL PAINTS sec OCHRE. 

MINERAL WATERS. 

It is a curious fact, as Holland has pointed out (859 — -"jO, Jl]), 
that although India is endowed with large numbers of thermal and 
medicinal springs, no attempt has hitherto been made by the Ihiro- 
pean population to turn these resources to account, with the single 
exceplion of the mineral water from the Sita-Khund hot spring in 
Monghyr, wliicli has some reputation in Bengal as a table water. 
The natives of the country have long recognised the value of many 
of these springs in the alleviation of certain diseases. In vsoiiie 
cases, as with other unusual natural phenomena, they are hold 
sacred, and become the resort of pilgrims, often coming from great 
distances. At such places temples have been erefded, aud rest- 
houses with baths, into which the water of the springs is led for the 
use of the pilgrims. 

The list given below does not pretend to inclr.de all the hot springs 
of India, but only those which are reputed to possess some medicinal 
value, oi' arc charged wdth mineral matter. A comprehensive list 
of the thermal springs knowm to exist was compiled by J)r. T. Oldham 
and edited by Mr. R. I). Oldham in lf'82 (1327 — 2). This list is 
arranged in accoi dance with the geographical distribution of the 
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springs, and contains 301 entries, llefercncc.s to it are itidicated 
below by the letter 0 ., followed by figures corres[)ouding with the 
nmnh’T of the entry. A few hot springs that have been described 
since the publication of Dr. Oidhatn's list are included. Notes oi\ 
brine springs, the water of which is u.scd in the inamifacture of salt, 
will be found under the heading S,\LT. 

Lists of the hot and mineral springs of India have also been 
compiled by Macphcrson (1149), li. von Schlagintweit (1676--S), 
and Buist (328— «). 

ASS.\M. 

Cachin'. — Korun (i-r 30' 30" : 92'-'' 11'), La Touche (1034— 
202). Three .springs. Temp. 128-130'F. Discharge moderate. Water 
.said to be strongly saline by (lodwin-Austoi, but in reality piiiai and 
tasteless. Deposits a slight calcareous iuciaistation (0. 214). 

Sibsiigar. — N .amuor (20’ 24'; 93" 50'). Bigge (135—2. 132); 
Medlicott (1197— 'J, 414) ; Brain and Masters (1^5). Tliree springs, 
'reinp. 95", 98°, and il0°K. re.spcctive!y. Dischaige 8 gals, per 
minute. AVater .slightly sulphurous, but clear and palatable, (.las, 
slightly sidphurcttcd, is copiously given off (0. 245). 


BALUCHISTAN. 

Boliin Pass. -lviKTA (29° 30': 07° 31'). King (987— to, 5), Copi- 
ous flow of hot suljihuroiis water struch in a bming for petroleum, 
at a depth of 300 ft. 

Kachhi.— Lakh.', (28° 1'; 07° 30'). Masson (1189-1, Vol. H, 
126). Hot .spring. Water strongly sulphurous. Dischargi^ copious 
(0. 45). 

Las Bela. — Kan Berak (25° 29' : (50° 3'). Vredenburg (1854— 
36, 208). Several .springs, intensely .saline and sulphurous. V'eins 
of svdphur and .salt are deposited in the surrounding rocks. 

SibL— Khattan (29° 34': 68° 31'). Townsend (1794 L 208). 

Several springs of sulphurous water. Temp. i09° F. Di.scharge very 
copious. Deposit con.siderablc (juantities of .sulphur and calcareous 
tufa. 

Spintangi (29° -5.5' : 08° 8'). Oldham (1324 — 32, 10<). A small 
sulphurous spring, about a mile to E. of the railway station. 
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UcH (28^ 4’")' : 68° 40'). Vicaiy (1845 — 3, 261), Springs in 
centre of valley, apparently a denuded anticlinal dome, highly 
3aline. A tepid spiung is said to exist (0. 46). 


BENGAL. 

Birbliuiii. - TANTirAiiA (23° 54' 30" : 87° 26'). Slierwill (1625 -15, 
14). A group of hot springs on the right bank of the Baklesar 
stream, a mile to the S. of Tantipara. Five are surrounded by 
masonry tanks. Temp. 128-162° F. Water impregnated with sul- 
phuretted liydrogen. Discliarge from hottest spring about 120 cub. 
ft. per minute ( 0 . 180). 

ChUlagoii".— B abu — or Bhauat-Kulind (22° 35' : 91° 46'). Wood 
{1957) ; Corbvii (363, qiiotin" Pog.soii) ; Ronuoll {see La Touche, 
1034 — 3t>, 177). Water cold, brackish, sulphurous, and chalybeate 
(not sulphurous, llenncll). Fopioiis discharge of gas, apparently 
inflammable (0. 246). 

There are eight other springs within a circuit of 6 miles : — 

Balwa-Kuunl). Water diuretic and slightly aperient. 

NAULAKiiA-lvnirNi). Warm and saline, ; vapour inflammable. 

KuAiu-IvHiTND. Hot, saline, siilpluirous, and chalybeate ; vapour 
inflammable. 

DuDUi-KnoND. Cold, saline. 

Burma— (?BratimA“) Kio^nd. Very hot and somewhat salim'i ; 
slightly chalybeate ; vapour inflammable. 

Chan DBA- Khun o. Saline and exceedi ugly liot. 

SuRAJ-lvEruND. Hob, saline, vapour intlammable. 

Sita-Khund. Water pure and limpid. 

Darjetihig.- Mkchi (? 26° 50' : 88° 30'). Baird-Smifch (1666— s, 

1039, quoting A. Campbell). Water clear, deposits oxide of iron ; 
said to be oflicacioiis for rheiunatism and skin diseases ( 0 . 128). 

Minohi’ (? 27° 6' : 88° 18'), five miles from Darjeeling. Liston 
(1073-3, 527). A<*cording to Biddington (1405- 7 7 ), the water is 
carbonated, . su]])hiiroiis, and chalybeate. Contains 6*74 grs. FeoO;^. 
0*58 grs. S, and 2-04 grs. saline matter per gallon. It is said to be 
similar to tliat of Bath and one of the Harrogate springs, and to be 
efficacious in cases of gout, rheumatism, etc. 

Jessore. — K hajuka (23° 16' 30" : 89° 18' 30"). Biddington (1405 
— 77 , 194); Watson (1897). Two springs, one of which is walled in. 
Temp. 82° F. Discharge of walled in spring, 450 gals, per hour. 
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Water contaiiis carbonate of lime and magnesia, witl^ a small pj‘opor- 
tion of iron. Solid matter, 28-29 grs. per gallon. 

BIHAR AN[) ORISSA. 

Atliiiiallik.-- J)eoljiiai:i, about a mile to the N. of AV'oi)sin(;a (2<r 
44' : 84^^ 34'). Ball (71—48, oOl). Several springs. Temp, of 
hottest 131^ ¥. Slightly saline. Strong discharge of sulj^hiiretted 
hydrogen. 

fidfiirk. --A taki (20" 12' : 85" 33^ 30)". Ball (71^ 48, 531 ). Temp. 
138" F. Discharge ropious, with a (pnintity of snlplmrcttxl hydro- 
gen. 


llazarilmgli.— Bklkapj (24" 9' 30" : 8r>" T2' 30"), or Sirn A.i-lviruNR. 
Wilson (19U- A; Hooker (867-1, 372 ; - u, Vol. 1,27, Vol. IT. 
374); Thompson (1771-1, 4). Four hot and on* eold s]'>ring. 
Temp. ll)9", 170", 190", 173" F. res])ectively. l)is(‘harg'‘ copious. 
Deposits chloride ajui sulphate of soda. The water is said to i\ct as 
a gentle apei'icnt ( 0 . 173). 

Doaki (24" 8' : 85" 12' 30"). Thompson ( 1771 ---), 1) ; Bow ( 1524 , 
863). Teni]). 110 — 115" F. Water sulphurous and slightlv" saline. 

In OKA JiniBA (23" 50' : 85" 30'). Te]>i(] ; discharge small ; 
sulphurous ( 0 . 172). 

Katkamsandi (24" 6' 30": 85" 15'). ]^A<aa\st (557 i, 131); 
Prinso]) ( 1436 — s, 278). S[)riugs rise over a spaci* of 50 yards in 
length. Temp. 110" Wat<ii brackish and giv()S oif sulphuretted 
hydrogen. Contains sdica, alkaline chlorides and sidpliat(‘s, and iron 
( 0 . 169). 

ICesodih (24" li' 30": 86" 5'). Thompson (1771 l, 1). Temp. 
182" F. Sulphurous ( 0 . 174). 

Kowa Ganbwani (23" 43' : 85" 26'). Water alnKr-.t tast(‘less. 
but with an odour of siilpburetted hydrogen. Temp. 92' F. ( 0 . 171). 

LuRcaiTnA (i) and Pindarkun (? 21" 12' : 85" BV). Analysis 
given by Turnor ( 1813 ). Whiter of Pindarkun s])i’ing contains 
22 grs. solid mal-ter per gallon. Siliceous and saline. Temp. 116" F. 
Whater from Lnrgutha sp]‘ing is similar, containing 25 grs. solid riiatter 
per gallon. Temp. 160" F. 

Sosonta {(), N. of Ilazaribagli. Piddington (1105 77, 195). 

Water contains 11-3 gi’S. solid matter per gallon. Carbonated and 
slightly chalybeate, with a little chloride of soda, 

Hanbliiini. — SnEoruR or Sahsa-Khund (23" 39': 86" 36'), Sul- 
phurous. Temp, and disdiarge not recorded ( 0 * 175), 
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Tatlut or Tantolya (23"' 41' : 8(f 48'). Botts (119). Water 
fSiil})huroi]ft and slightly chalybeate. Temp. 190'^ F. (0. 176), 

Monghyr.- l]iiTM(5ANi) (25"^ ;V 30" : 86" 27'). Martin (1181, 

A^ol. IL 198); Mcdelland (1117 -33. 25); Shorwill (1624-2, 199); 
ycliulteii (1587, 148). Four groups springs; discharge very copious. 
Temp. 115-150^ F. Water limpid and tasteless, leaving a thin 
siliceous deposit. Total solids (8chnlten), 6-8 fiarts per 100,000 (0. 
J88). 

Biiorka (? 25" 18'; 86^ 37'). Martin (1181, Vol. IT, 197). Temp. 
112" F. Discharge copious. 

JanAm-Km(JNF) or Buaraki (25" 7': 86" 24'). Martin (1181, Vo!. 
[I, 199) ; Sherwill (1624 —2, 198). Two springs. Temp. 145" F. 
Slight siliceous and calcareous deposit (0. 189). 

Laohmt-Kjiuni) (? 3' : 80" 29' k)"). Schulteii (1687, 148). 

Temj). 114*5" F. Not sulphurous. Leaves a sliglit siliceous deposit. 
Contains 7*52 parts solid FFiatLvr {)er 100,000. 

Panchiuiuk (25"^ 6': 86" 21'). Waddell (1863-), 230). Not 
sulphurous. Tmiip. 81*1' F. 

1L\meswar-1viitjn!) (? 25" 7': 8()" 29'). Schulien (1587, 147).. 
Not sulphurous. Teiu]). 112'' F. I^eaves a very slight deposit. (4)n- 
tains 4*68 parts solid matter per 100,000. 

liLSHT-KHirNi) (25" 14': 86" 32'). Martin (1181, Vol. IT, 198) ; 
Hherwill (1624 -"-2, 204). Water iss\ies from a number of fissures at 
the edge of a pool about MO ft. s((uaro. l)ischarge very copious. 
Temp. 104‘114" F. Leave>s jio deposit (0. 187). 

SiNCHi Rikh TATAR PANJ (25" 8': 86" 18'). Waddell (1863 — 1, 
230). Temp. 90*5" F. Discharge copious. Not sulphurous. 

Sjta-Kuund (25" 22' : 86" 36'). Adam (7-1, 319): Archer (39, 
Vol. IL U7); Martiii (1181, Vol. IT, 11)6); Waddell (1863-1, 230). 
Discharge very copious. Temp. 140" F. Water clear and tasteless, 
but with a slight odour of sulphuretted hydrogen ( 0 . 186). 

According to Hooker (867 — ti, Vol. I, 89), the water was used in 
1848 for the maniifactur(‘ of soda-water. It is now exploited as a 
table water by a Calcutta firm. 

Waddell (l.c.) mentions two branches of the main spring at 
Sita-Khund. viz. .’ - Garmvani, temp, 137" F. ; and Batnsapahar, 
about a mile to the west, temp. 102" F. ; discharge very sluggish. 

Palamaii.-JARUM (23^ 50': 84" 33' 30"). Ball (71-32, 19; 
4.3, 648). In the bed of the Tataka R. Several outlets. Temp. 
132" F. Discharge not copious, but steady. Water emits sulphuretted 
hydrogen ( 0 . 168). 
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Kokraha or Thatha (23° W 30" : 84° 5' 30"). Ball (71—32, 

20). Discharge copious. Temp. 131° F. Water .strongly impreg- 

nated with siilphiirettid hydrogen ( 0 . 167). 

Patna.— Ka.tghir (25° 1' : 85° 20'). Martin (1181. Vol. [, 
250) ; Hherwill (1625 -4, 50 , — O. 18). Tnere. arc .said to 10 

hot and 4 cold springs. Temp, varies from 100° to 110° K. ('om- 
binod discharge copious. Water clear and ta.stele.ss. Much re- 
sorted to for bathing ( 0 . 101). 

Tavoran (? 25° O': 85° 33'). Martin (1181, Vo!. I, 2.53), On 
southern side of the Rajgriha (Uajghir) itdls Five artificial pools 
from 10 to 12 ft. deep. T.inp. 100° to 1 16° F. Di.scharge not 

copious. 


Haiitul Pargiinas.— llARA.MAsr.A (21° 3(i' : 87° 42' 3u"). Waddell (1863— 
1, 227). Spring is.sues clo.se to a trap dyke- in liim^.stone. Di.scharge 
about 9 gals, per minute. Tern]). !>3° F. Not .sulidinrous. (5)n- 
tiins 36-4 parts .solid matter per 100,000. Waler n.scd, for drinking 
a d bathing. 

Btiitmka (24° 1'; 87° 25'). Waddell (1863 i. 220). 8itua,trd 

in a .small mansh. Temp. 82° F., re))ort(d to have been formerly 
much hotter. Discharge .scanty. Not .sulphurous, 

JiiARiyA- or Jherwa-rani (24° 27': 87° 31'). Waddell (1863— J. 
228). Spring situated at the eastern end of a marsh, on the faulted 
boundary of gneiss and coal measures. Toinj). 03° F. Di.scharge 
copioms. Not sulpliurou.s (0. 185). 

JiAU-LAU-DAU or SineuR (24° 22': 87° 13'). Waddell (1863—1, 
227); Hayden (793 - ir.). Temp. 122" F. Discharge about 26 gals, 
per minute. .Profu.se di.scharge ohi gas, slightly suljdmretled. Sliglit- 
ly saline. Water contains 32-72 parts solid matter per 100,000. 

Nctnuil (24° 5': 87"' 13'). Waddtdl (1863 — 1, 228). Several 
springs, rising in a smali marsh. Temp. l]0-.5° F. Discharge copi- 
ous. Strong ebullition of sul})}mrett.<d gas (0, 183). 

Su.suAiVANr (24° O': 87° 21'). Waddell (1863-1. 220). Temp. 

84° F., said to have been much hotter formerly. Di.scharge .scanty. 
Not sulphurous. 

Tapatrani (24° 12' : 87° 19'). Waddell (1863- 1, 229). Temp. 

102° F. Strongly sulphiuons. Discharge about 2 gals. f)or minute. 

Tat-loi or Tapnat (24° 23' : 87° 16'). Martin (1181, Vol. II, 

200) ; Waddell (1863~l, 228). Water issues copiously over an area 

of about 20 by 24 yards. Temp. 148-5° F. Slightly sulphurous 

(0.181). 
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BOMBAY. 

A list of analyses of waters from various mineral springs, wells, 
and rivers in the Bombay Prosideircy was compiled in 1859 by Giraud 
and Haines (662). The letters (1. & H. below refer to the springs 
mentioned in this list. Total solids are given in parts per 10,000 ; — 

Ahniadabiid.— H arsol (23° 22' : 7.3° 5'). G. & 11. No. 19. Temp, 
about 80° or 90° K. Water has a peculiar taste, and is said to be 
very ellicacious in certain di.soaso.s. Total solids, 13'8-1 ; -NaC 1 
^.8-45 : ('uS 04-.1-07 : Na2C()a-G-y2 ; MgCO3--.-0-54 ; CaC03-..G4)8 : 
SiO2-0-28. 

|{roarh.-tvAWA (22° 4' : 72° 47'), G. & H. No. 18. Gold. Total 
sohds, 13-3i NaGU-.f)-74 : Na2SO.j-=2-04 : Na2C03---l-94 : MgCOj 
=^•58 : CaCO3--0'57 : Si02=--0-47. The water is consideral to be a 
specific preventive of hvdrophobia. 

tntrh. --Mhiirr (23° 33': 09° 0' 30"). Wynne (1975- n, 205). 
A strong spring of warm saline water .supplies a reservoir about 330 
sep yards in extent. The water is used at the alum worlos in the 
neighbourhood ( 0 . 20). 

Haira. - Lasux'daka (22° .55'; 73° 12'). Yajnik (1979); G. & IT. 
No. 20. Three groups of springs: — (1) .seven springs. Temp. 100° 
to 122° F. (2) one .spring. Temp. 101° F. (3) nine springs. Teni]). 
87° to 114° F. The hottest springs are .strongly sulphurous, and tlie 
water is saline. It is used in disease, s of the skin. Total .solid.s, 
C0-7G:-NaCl-..=42-35: GaClo-H-OS: GaS04---3-88 ( 0 . 145), 

* 

Kathiawar,- Tulsi Sh.\m (21° 3': 71° 5'), in the Gir liills. .lacob 
(921- 2, 30); G. & H. No. 23. Temp. 124° F. Water used for bath- 
ing, but has no medicinal properties. Total solids, 1 1'87 :— ■.Mad - 
7-&> : Nao80i-.M3 : GaSO.t-O-ll : Ga('03--l-.33 : SiO.-l-OS ( 0 . 24). 

Kolaha.-rALi (18° 32' 30" : 73° 17'). G. & H. No. 4. The spring is 
a mile from the village. Emits gas of unpleasant odour. Temp. 
108° F. Total solids. 26 05:-Na(’U-ll-01 : Ca(’l2-13-28 : CaSdi 
— 1-43 : SiO.7-- 0-33. Supposed to be efficacious in skin di3ea.se.s 
( 0 . 10 ). 

Sapa or Savi (18° 5' : 73° 24'). G. & H. No. 7. Three springs. 
Water sulphurous when fresh. Total solids, 11-4, consisting of 
chlorides of soda and lime, with sulphate of lime ( 0 . 9 ). 
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PitHcli Maliiils,- Tuwa or Ti i (:! 

•2 ' IS' : 7;V‘ :»l') 

. r. .'r n;, Xo, 21. 

Nnniorons liot 

springs, .so;o(^ 

l.oiiiiip poiiii. 

''>tnp ia a ir,.iisii. 

Wafor cniils 

a rank siil])!iio'(>i',s 

s;'.]roi;r. 'I'oln 

i solida. IT-iir- 

Na( N 3G'GG : l 

i'arU-..-7-l'.) : ('a,S0i 

(0. i ir.). 


\ 

Katnagsii. 

;\i!.\uia (17 ' i;i' . 1 

■:r lia/!, 

wooil i79(j) ; (i. & 


No. 1. Tlir(‘0 liol. iv.a) roM \\;i((a' 

strongly ini j)r('giia1<’-d v/ith Miij-flinr. ; d-i iilunit. ! ^alloji par 

lUinUt*'. Total soImIh. j ’!). aonsisi .a.p <'1 cSiioi'ul ui soda Imia, 
witli sulpliate of lina^ (0* o). 

Mvr (IG^ 57N 73 3:V :;oN. Dmavn i5il). 'rio' aai t i;. ^a,ul vo 

ind)i{‘a a])])clitr. Tta.-jp. 137 '3 (0. 

K (IG 3 ^ 3 ; 73 333 . ( 3 j. ■) : ;' 3 ;an aiid Pai'nppe 

( 1165 ) ; (G 3: .([. No. 3. tSjina;,' o,:; . /lini iri-i . a-’i(5 t wo 

01 * tliroc yaars. nisaliar;^' aboat^ G a»-i' iiiaia^a 'Triap, ahont 

G0'M^3 Watnr alivaliiaa rani :iinina ;,ih 1 .•'id- 

]>liai a. of limn, lliicli P) ioi' iai! !r.i<;Mv3 1';. 

Saxoamksmwak (IN W: 73' 373 (■•Nr, ? '■/irwiMjd 

( 196 ) : (3 N il. Xo. G. Si lir-o -s,.- i 3 lad^ : •! ■ Sir , 'iSiia 

ill tliO l)i.‘d of a rivul(‘1. i-S' ■' \ ,;3' '‘'i-ti S' • i ; Ai r - oi m, 

Toird aoblN. 1-3 (0. 3). 

T(;rA 3 or ! A la (17’ ‘3'; 73 37';- Saja-i! 3SSS : ? 3; / h“'',nM() 


(796) 

: S: 

11, ,\o, in. 

S;.Sn«' i 

irrs !.■ it' MdiU d; rlirr.,.' a 

12 

Lnil. 

j)o!’ mi 

imto. Ti'i.:'; 


in 77 WSi r ■ rG-3.i 3- 

'i' OihS, 

Tola 

,0)1 ids 

!)•(». r‘UiS)isi 

uin' < -1 1 1 :n 

\n rOiiUnoo ;n'''S 'i’rd r l! 

■ La,' of 

linn'! 

(0. 1) 





r 

N.\Ri ( ! 

i 2) < : 1 3 ' 

23'). Sun 

i n a n ( t) . • .r* ' ( • r ! • ’ . ; \ 1 1 , ^ . 

:-.‘Vn!'al 

Kinin 

pa. Tn 

'llf'p. ( 1 . » t 

P. WutiS' 

r ir ;< s ;i ^ M o; : 'd i 7; ■ ' : ; : r 

OOOiLl'. 

Totiii 

1 Si'll !< 

P.' p3(?G; 

Xai 1 .-i2 

■03: SiN ' , Sr, 


Si( )•> 

-D’!7 

(0- G). 





Sind, - Jain Pin (33 o' :u)" ; (p 
Tviiii]). iiol I'rroi'dod 13,Mr:i r'oiid 
2-03 : Nao^'O-r-Sdl : ‘ 

[j Mr ( 23.) ■ I o' 3< 7N 7) S ). \ 

Tio'nn liot .sprin;AS. Tnoiiv IG 2 i 
is Idylilv saliiKN Tlial oi anolla 
^villi calcarnoa;' inaiSar !i i»as 
sldn disoascHi (0. 3G). 


P) ( S S 1 S X*». . ’], Soi, soviop. 
\ . - Sri ; • n 7 G : SrA'SS... 


; :3ni.. O-N, (0. 

S' ) . 

N y (1S45 --3 d'^d) : 

l‘;d;i-r (61!. P:'-!). 

10 ) ' 1^7 Ti^o v.'.ii r 

' o 1 f ) ( ! a ' j r' n ly; 

n- sutiJiurfMis ;uid. 

ida.dod; 

gr-aJ a ! lan : 

)s a^ I'k'iinsla in 


Maxoa or jMoookr Pin (21' oN ; G7 ' G'). 
IPiknr (63): IS 27 ll, X'os. 2(323. Tlirrr springs, 
and J27‘^ P. rns]>.a:tivoly. Uimlro-m* cojiions. 
rfiglitly chalylieafn vvlien fros'h, and sulplii)rr>us 


('rHoss (384 -3); 
Trnn. GtOA 11T3 
\\3So‘i la.stolnss, 
on issuing. It is 
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MINERAL WATERS. 


held in great estimation for the eure of ilieiiinatisun leprosy, and 
skin diseases. Total solids, hottest sprint:. 10-50 : — ( atT:r:()-fU ; 
Mg(k>-<t-r)5 : Na.i>SO,^-- l-57 : -TO : 8iO2-d)-08 (0.27). 

PiTir or (OrAZM’ii; (20'' 27': 07‘^ 30'). Vieary ( 1845 — a, 315); 
Bake]’ (63, 231) ; Water very hot, highly ealeareous, and clnirged wit)] 
siilpluirdted hydrogen. nis( liarge copious (0, 42). 

8kii\v.).\ (2tk 25' 3o" ; G7'' 55'). Springs of hot sidplinroiis water 
oeeiij' aboiit 3 imles to tJic S. of th(‘ town (0. 39). 

AVkvfjoDfOi (21 ■' 1(S' ; ()7'' It)'), (k 11. No. 30. Tenp). not ]-e- 
eorde<[. Total solids, 22*77 : Nad I -1 0-1 1 : Mgtdo^ ^’^^l- 

^^-5-58: Mgtd). t)'35; (rddB ()d)3: SKB- Odd. 

Sifi’id. - .\xA\' 2 J. or hicvAK] Bvni (2(k 51': 73’ 21'). Sylo\s 

( 1736 - -I, 127): tk iklL No. 17. Sev<n-al spiings. 1 )ise!)a.rge. more 
than 2 (mi.), ft. ]e i- iit:nnl(\ 'reany. 115' to l.'dt'tk Waks' eanits 
Siilpirnrons gas. Toki! soiads, j 2'7tN- ■ Nat 1 - 8‘-1(> ; t aSO j 1 -O I : 
Na>)(d)_,.- i'dti: ttd’O.* - .()• 15 ; Sit -0-08. \\!iile has gi\aMi an ae- 
count ’U' tin' a.mma! I’ao' !)« Id !n‘v.' a.t' the fnll moon of tlu.* mont}^ 

k'/eo'/zo. i]i d'a'.'/' s/. ,k'V)//s, //■'■/y;,- A:<inh<‘ Sai-ichf. \ <>!. 111. p. 372 

(0. 23). 

Tlnun?, ''kzK V t 3 ^i2’ 50'' : 72 ' o I'). tkNII.Xo. 2. Several het 
SjU'ii i:;‘S. Te ep. neu '’'eo»'d('d ; a', liot as (-an l.)(‘ horiu* hv t!ie hand, 
Total e.did, . r8sj5:- Vaki u>:.78 ; Mgt'le- : kaidio 50-03 : 

( aSn, •. koA ; Si(y--in5(; (0. BO. 

SA'!''ua’-. e! (d lO' ik2 ; 7g' 5By ii lit \/,. .‘■t Fom‘ liot -re.‘!iias 
5\'a!'->' ad(i)e (il . 

\d>imui[,\! (i-i 2:3 ‘uB; 73 (3). Syloo (1736 - k i:>7) ; B. N ji. 
No. ii, S-'-veeal •■pi'iiiys. irdiig in the bed. ol ibe 'Fanaa B. Temp. 
iUc lo j2b j't ro'.('.ba]-ga- ol the ii'osl; eo];iouS spi’ine ahoid 12 gal^. 
]x'i' mbmr'*. W.-O;,;- Ofidts sidphmad'led, liy/lrogmi aaid. is said to in** 
dm-e apyeMle. Tnral solids, 22*(ii : -Nakk-d2dl : kakl2-^7-07; 

kaS()p-^_2-0- ; t’‘88 (0, 11). 


tU RMA. 

inilicrsn - ,\"'tia\:'; (1(r' 9': 98^' 2'). ta>w (1097—2, J51 : — t, 

235); Fo[ey (595 -B, 27(i); fhdfor (808-5, 22). Several springs, lam 
largest forming a [}{>ol a bold- 60 ft. in diameter. Ffighest teni]). rr- 
c(M'ded I BV'BF. (Heifer), niselia rge very copious. Water strongly 
i.npp»regna4erl, witb iron, and Ims an exceedingly bitter taste. A large 
rpiaaitity of eari)oni(‘ aeid gas is evolved. At;oording to Piddington 
(1405 -3)* water contains lin^e, iron, and magnesia ( 0 . 274). 
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NA'i'MOo, on. lUliigyiin I., uoar M.vulmkin (li.r :>U' : 97' 40'). 
RoinaiiLs (1511-1; -~2). Tln^ sprijiy^ torins a rirciilar TJ ft. 

in (lia]net<n‘ and 4 ft. dc^np. T(Mup. IdO'' K. Tin* wafri* contains 1 1-()7 
^rannnrs oi solid matter ])er litre, iiieludiny 10-M(> yiin. ot sodium 
cblotid(^ and small (piantilies of (lie eldorides ol potassium, lime, 
and magnesia. 

8inNia(0. lb'ins.er> (1436 - ."), 17). Wafer contains snipliate of 
linu‘ and traces of iron (0. 9<»d). 

liaresini. Ivyai Kvaoxo ('^). O'lOic}' (1340 le, } 17). Sprinys 

extend for abceO hail a mile on i>of.|i ija.nks ol tiie ‘Aream. Temp, of 
the pruicimii sicnrc'es. !}9'. 19.-)', and. !9S (d \\al\'r de('idedl\' aN 
Ivaline. 

Vn-i’r'(';). ill llo' \’ailev oi i'lie M v-s -n;in'- K Nman;:. IT ‘j! Toimyt)o, 
()'l01e\‘- (1340 hi). Wal^'r (loar aiwl limpid, no deposit. 


ILrani, Pa[,.\i'k (!'> It'd; !rs' I!'). Ahn-t'od. (1139 Sprinys 

oeeur af.' tlirei' plaers in 'iroups. (he i.ar'.e'Si consr,! me <-1 ,a) o.r jf) 
spu'ines ale-na a line ol aooul. .iO l)\' lM) It. lemi). Idd 1 {he waier 
lia-s no di,-.; jrve.ddf* (,).■■!' (0. 9«s/). 

lS>dk3ina, - drnv \ nv'\o\o. leor the .h'n; s!{m-:s (i:o j:!' ; 

9() 17'). idaiiirli (709 - «• Wnba- elean eiisalme. 

Slnin Snd/es (%.), -d.i.\siii‘) pj,9 -m) : !» )• .''o-eiime (Lil.l. i* 

]j]t II, '!i wanin'; .’d;ec;t -d miles !o N, oi itie' (owe i d-eh,; rpe, \ ei-y 

(-(*i,:oins Temp, m.m iioilim; ooin!. Waiei- c{rii.ii!m ai)o:0 (rOo per 
toial sslo-. ('■'■■ i'-iiiip ,,.1 snipiiafe ol iime ami mamic-ia. 
to'cc-s of alkeides. Tie- w.'ife;- wonld act a.s an ap'iimil and h(‘ 
hjnhh- honrliria! m cm-es of clivoni(‘ r!nmm.d!sm amt 'Omo'.' 

N vMox (99 99' : -'*7 M'). ha. Toe. die (1034 ta. i;!;:)). feiwnp- 

of hot sm ines. Idmi]). l.di lo hi-h' Id I disclia i-'S' copious. Wa'. er 
(dear and taste!('ss. ver\' sliylitli- saline. [)<'posirs eaicaM'ons (ida. 

Sliiin Stairs (S.).- KkhsJ Maxs.wi (»r Max-S.i.'n (9! 9(1': 9)' 99')^. 

idaUkm (569 (, i 1). (damp of lior springs. Teiiij) of hoi test. Iftr'' Id 

Wati'A (drair, highly ('aleareons. 

Sntlierland (1729--1, 197) mentions tln‘ ocenriemai of sidpliiirouH 
hot s])rimjis ni several ol tlie stia^ams l)et^^'‘f'n Waiiia.nI. (..1 11 . 

98" 47') and .Mono Pino (9P 29' : 99" ['), (m the road from Taiing-yi 
to Iveng Tung, 
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Tiivoy. — Kno-bei^^-byin or Ybbu-sa.\ {'( 1 r"" 43' 30" : Off 12'). Low 
(1097 — 4, 218) Spring forms a pool about 40 ft. in diameter in tlm 
middle of a swaiiip. Tomyj. F. 

Lytjkyex (LAUKOifAN, li " 9' : 98" 20'). Low (1097 — !. IS) ; 
Prinsep ( 1436 -- A). AValer contains 2 grs. of siilpliato of lim.e in 14)00. 
Teinp. I LLF. (0. 283). 

filYiTTHA (IP 10': 98^ 32'). Maaoii (1185 -L J7). On the 
Tenasserim 11... d miles b(dow ihe vlliagiA Temp, ILf 

V. Yditer strongly cliarged with, snlpdiurotted Inabogen. (duiiyiK'atc. 

(0.280). 

Pai (13" 26': 98" 33'). Mason (1185^^-1, 18); St.nnuvson (1699). 
Sever.al springs. Temp, of liortorst, .198'’ If (Mason). IMater Inns no 
implrsnsant taste or smell Lonlains iron, almnina, linne mlasJi, 
soda, silica, liydrocldorie and snlptunie acids ( 0 . 280). 


CENTRAL BKOViNCES. 

dHiindwaru.— A nuox! (22" 36' : 78 ^ 38" ). SpiifeoT (laid i; 

---L 389): IVinsiai {1436 s. 17). 'Wnin- 'ssm/s from a., ti';:; dv.SA 

Teiiij*). 131’fK. Jiischai'ge cojaoii:^. ►'aonigi)' snl]do' rmis (G. a's;). 

f!os!n»!)galKHl.--ANB<)Ni Samom (22'" 38'; 78^ 2i>'). Sje!d)i!rv 
(1684 -1 ; 1. 3>89). Watca issmvs at Lie ‘-.(In- o- Irsj' d'sk') Lo' a. 

distaiKS' of a-rpiaiter of mile. Tem|>. 11!” I*’, Aiamdant t' fA'liaV’/;e 
of snljehm'cUi'd lly(l^og^’n (0. loo). 


8ar; 

'Oijm 

■ T.at.'.p.\xi ('2;r O': i: 

r). ! 2 ,ii 

rre - ■ - I'!, 

66:)). 

Not 

Pss t'iutn 

a score of rings ( > 

l oi‘ ite'.li' 

r;!' , -I,,. 

moiplii 

e nu 

artz and 

b]'e<aaa marking <> hn 

e y)\ IVnC'i' 

n r< ‘ . 4’ k ‘ ! 1 : ; ,'a 1 ■ ‘S 

fi'om I 

.30” 

to 190"! 

if .i )j^adiarge: ('.g ioi.; 

\Vine;' 

deg'^^nis silicions 

sinter, 

a.iid 

emits 

strong odrnii' ul ; u!j) 

Invciled \ 

’■Ardregi'n (u3 L;()). 


Veehnal- .IviiAic (19' of: Ta' OSf. ;da]^'{iiin^ on v. liS), 

SeviOcd spring:;; distanirgc very f;o;.Jon:A Tt,'a!p. 87 ' I, \Vc8e /’Icnr 
hut lias an acid ta-slin Dryiosiis laiso.. pMntitK:-; «n calca.!‘nm,s infa 
(0. 2(L), 


HVDEiLVfJAD. 


(ilulbarsia.-— WujuL (16" 28' 30": 
(Mrowum iO" 3r>' : 76" 33') nea]- Slior 
30, 3)i) mentions warm siji'ings at 
veiv evpnoms discharge. Temp.. TViijai 
|A.ire and insipid in taste. 


76" 3>6' 30") and Mitonoou. 
rpnr. Aleadows Taylor (175L- L 

tlies.e loea’dies. ihith Inive, a 
. 92" If ; Mudaiuiv, 88” If "Water 
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mineral waters. 


Wariiimal. -JIAIORA or Buua (17" r.(V : 8(V 17'). Vovscv (1853- 
f>, .5!>7/ . (1158 S. od.A). Bpviiii;; forms a |io(il JO £(,. l)y 

30 ft. u) oxj-onfcaiuin ft. dorp. To.mp. 110" 1'’. Wator tastoloss anil 
; (f^atains a little carbomite <»f lime in aolutioa. l)isela\r<^e 
81’iuill (0. :-()()). 

KASHMIR. 

^ -Askou or (Vion'go (b.r tl': 7.7" 18> (iodwin-Austeii 

(869 4, ; i.ydakkar (1109 - 20, 51); (dnllariiird (722 -'^, 13d). 

aoriaos. Diacliarye viaa enpious. Temp. lOldr h\ Kniifs 
lar.-e (paaiiiiia'.i ol sulphnrelted hvdro;i;en, and deposits mmdi C';xi’l.)0- 
mite of liiar (0. 107). 

!‘MiiTs,L (35" 5d' 30": 75^ 27'). Vigae (1846 -i. Vol. 
.I L >. 0 .,*}, » i\ <].<ds !:<•!* (1109 - - 1 ), 5 j ). Water Idyhly ehaiya'd witli siil- 
j)!ia u tt-< d. M \' f l,i‘oa‘o‘i) . Idvieip. about 1()0' Id ib*pos!ts large (juaiiti- 
tdos o! calea 1 eons tida ami sulphur (0. 103). 

CifiJTi: \N (35" 12' : 75^ 28' 30"). (Jodvvin-Austeu (669- 4, 46) ; Lyd- 
(‘kker (1109 — 20, 51). .Disaharge vi^ry (‘-opioiis. Temp. MO" K. AVater 
withoMt tasle or smell, Dimosits lariy^ (luantities of calear(!Oiis tufa. 

(0, lOi). 

IH.'mnv (Dosukix, 35" 28': 7M 51'). Vigiie (1846 i, Vol. II. 
30.1). Tvvo s|)riiigs. sid|)]uirons and slightly chalybeate. T( 4 i 0 ). 15J ' 
!^\ l)(^pi>r’'|. sul])lllll' (0. 102). 

K..r(OKK.\v (35- 20': 70 50'). Vigno (1846 b Vol. If., 388). 

AVater sidplmrous. Tem[). 185Md Depo.dts gypsim) amd sul[)hur ( 0 . 
. 100 ). 

T()S!i\ (TO" 11': 75 ’ IT). Lydekker (1109 --2(), 51). Three 
spi'lngs. \V,:;T<'r highly Miai'gd'd with ferrous carbonate ( 0 . 105). 

(liaugebcngnio. -tJokra (31 25': 78" 58' 30"). Ifenderson and 
Hume (815. 72); t'ayhm (394— -I, 15), Several springs. AVater 
highly elmiged with carbonic acid gas. Tern]). 120' to 150" F. Dor 
])0,sits ol boiax and (aaninon salt oc(*ur near the springs ( 0 . 113). 

MaslGuer.— ]sLAM.\ii.\i> (33' 11': 75" 13'). Adams (8 -2, 200). 
Two spomc-s Tepid. AVater siiI])hurous (0.77), 

PAMeri: (31 1': 71' 51)'). A'igno (1846--~-T Vol, II. 31); iliigel 

(881 -4, \ ok ], 200). Whiter issues from contortfal limestone rocks. 
Temp. 7(1" !d Emits sul]>huretted hydrogen. Said to resemble the 
water of tln^ Spas ruear VVeymonth ( 0 . 7()). 

LadiikSn IvNAUt'XG, about a mile to N. E. of Skio (31" 0 ' : 
77" 19' 30"). Moorcroft (1346, Vol. I, llO). AVatej’ te])id, without 
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any decided flavour. Deposits an inci*ustation of soda, and is 
said to be used as an emetic ( 0 . 111). 

i\ubar."-Ciiu8AN or Panamik (3P 47' : 77^’ 36'). Moorcroft 
(1246, Vol. L 405) ; Tlionrson (1777-3, 407). Tsvo springs. Temp. 
167' F. Faintly sulphurous, not perce])tibly saline. Deposits cal- 
careous tufa and soda ( 0 . 110). 

Kupslui, — Ih'OA (33'" 14': 78'' 25'). (hnmingliam (399 — o, 14'1); 
Thomson (1777—3, 164). Springs ,num(‘rous, exicnding for about 
2 miles along the course of the river. Thnu]). varies froni 80'’ to 
17 F F. The hottest sfuiugs contain sodium chloride and emit suh 
phure(.ted hydrogen. Those of lowei' temperature deposit borax. 
Sulphur and gypsum are deposited near the springs ( 0 , 117). 


MADRAS. 

IMlary,- Raman OKUO (1.5'" 7' 3t)" : 76^^ 32'). Mayne (1195). 

Water sliglitly carbonated and chalybeate, with traces of alimiiria 
and lime. 

ftOilavaii. - (JoNOALA (17" 39': 81'' O'). \'oysey (1853 (>, 

Spring rises in bed of (Jodavari U. Teiu]). 140 F. Ihiiits slight cKlour 
of sniphiiretti^d livdrogen. t'ontains snndl (|i!antilies of sidphate 
(4 soda, common niHa and chloride of linn* (0. 2(t5), 

Ki!riKMfl.--KAL\ A (45'’ 37': 78 ' 16'). .Ne,\vl>(4d (1294 — ''>3). Three 

fi])riugs, situated a mile aaid a hall to S. of the village. Teni]). 9()' F. 
Discliarge copious. Water colonriess and tasteless. Deposits ihiek 
beds ol calcareous tufa (0.211). 

LAN.TAiiANDA ( I o'*' 30' : 78 " 3' 30"). N(Avl)old (1294 se). Soveral 
springs, sii nated a.bout a. luile to F. ol tin* village. T(n)ip. 85 3' F., 
said to be decreasing. Wilier slightlv a.lkadme ; deposils (‘alciii'eous 
tufa and siliceous sinl.er (0. 213). 

Maiiananoi (15" 29': 78'' 41'). Newbold (1294- ;'>3) ; Dopala- 
kristnamal) i'lietty (675. 11). Sevf ral springs. Tcnij). 89'^ F. Dis- 
chai'g<^ eojuous. Water clear iiiid tasteless, but, slight ac'id (0. 214), 

MYSORE, 

Bangalore. — P)AN((ALOHE (12 o8' : 7i^ 38'). A. Z. (1). Water 

fiom a well in the Fantonment contains 740 gi’s. carbonate ol iron 
and 2 grs. sodium chlorid(A with a trace of earboiuite ot Ii]))G dissolved 
in carbonic acid. it is considered to possess tlie same j)roperties 
as (dieltejdiam water. 
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PIjNJAB. 

(iIurgaon.~-SoiTNA ('28' 15' : 77" 8'). Liullow (1099) ; Jacque- 
ijiont (926 — VoL 111, 357). Water strong! \' cliarged wiili v'^nl- 
pliuretted livdrogoii. Not (dialyheate. T<‘inp. ](K8 r. li is said 
to resoluble Moitat water, and is largely resorlt'd t<> for tin' euie of 
skill diseases (0. 13()). 


Kan^ru. — ,7 awa la i k n i 

(PL 52': 7rA' 2P'). Par 

ish (1863 1, 

285) ; Jloorcrol'f. (1246, \'ol. 

. 7P). W’alcT' Kalina, iik(>(! 

as a (-ura lor 

woitre. Marciidioii (1168 i) 

has determined t!u' amouni ol salt 

and iodine in tlie water of six sjirings situati'd in tin' . 
valley. These are, in 1,000 parts:- 

S;il!. 

! awa la Mukhi 

lociino. 

IxtU’rHA sprijiif 

22 0 

n-uTlii) 

.1 AW ALA 

2C)-:!(i 

o-ooswri 

.j.\ WAL \, L’nd 

2 Ml 

nuTOO 

-lAWAf-A Mr MU 

2r-so 

0 0700 

N Ai: I A .'.priiii.: . 

2l'::o 

O'O'.r.EM 

]vA_\<;r\ J^ASA 

2:m> 

(I c-o:;:! | 

Latsa (32 22)' : 7b 5'). 

M a rca. d i eu (1168-7). V 

v'ater sulphur- 

oils. Temp. 72' F. White 

r r<AS(aul>h*s that ol llat’i'ges. llauO' 

I’vreiiees, and eonfaiiis, in 

! ,000 part.K : -NaoSL, 0 

■150; Nad- 

0-74(): NaA'0;{ 2-(;0U : (M)l(». !,(. is iis.'d ;i: 

giiitiA' (0. (-17). 

■: a ('tii’i' for 

Tatwant (P,2'' 7' : 7(L 7(! 

Sp.ring rises in lln^ htal, ol (lu* lamp 

a"^ tributarv ol the Ihiani it. Tenpy. 120 in Watc- 
Tiauseous, with a nndallie llavoui’ (0. (>0). 

r i'xeeedingly 

Tiva or ,)iVA (:>2" 8' ; 7 ^'> 

IT). Ma.readii'u (1168 o 

: - (;). Saline, 


syiring. Teiu]). 108'' F. l]stiniat('d diseliarge, 250 pints in 5 minules. 
Water li]U])id, with a saline {asl(‘ and sliglOiy idkaline. lO^sidm^. 
contains 02'33 })er c<Mit, fd sodinni eldoi’idn, with small pnantii n^s 
oi chloi’ide. ,siil])liat<% and cailionatc' ol linu^ : also 0-012 |>ai’ts of 
sodium bromide in l,0<y0. The waiter is eonpyan'd with that ol 
lioiirboime les Mains, Haute Marne (0. 08). 

(liiilu).- - l)AsnisiTT (32'’ HF : 77" 15'). llarcoiirt (7G3- 2, 2)30); 
t’alvert (265 — 2, Tj), Three syirlugs. omj of wdiieli gives a. copious 
diseliarge. Temp. 138"’ F. (i20"\F,, (divert). Suljdmrctted hydro- 
gen emitted. Much .resortinl to for imaliehia! pu^]loS(^s (0. 70). 

Kuelat- or 8 rrA"Kf!VNM), near Mo.naij (32 In': ii IT). ( uu- 
ningham (399~'dy, 2(t8) Harcourt (763 --2. 330) ; ( aivert (265 -2, .)8). 
AVater sulphurous, and ])osse.s.ses a bittei tasOe Tern];. lOi h. 
( 0 . 80). 
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MANFKVRNf (Ite" 2': ir 25'). Farisli (1363 — l, 290 ; —2, 392) ; 
Marcadieu (1168 197); Haroouri-. (763—2, 339); Calvert (265-^ 2, 
77); l^nieo (219—2, 181). Fourteen springs. Temp, varying from 
](H)-5'’ to 2()2 ' F., or the boiling |)()int proper to the elevation, -5. 587 
feet. 1) I scliarge ex e(‘e(li ugly eopious. Sulphuretted hydrogen is 
emitted, but the water is clear and palatable, containing 3*2 ]>arts 
of salimi matter in 10,000. ft de])osit.s largo quantities of ferruginous 
travertine (0. 83). 

(SpiO). ■ ( liAvomzANo (32'' 3': 78’ 40'). Water issues from 7 or 
8 small vions *'\ithin <i s]>aee of about 20 yards. Strongly ehaigral 
wiih siiiphui-oti ed liydrogsm. T<nnp. llT-fC F. Deposits a saline 
imuaistation. ibaard (647 -2, 142) says that each spring is reckoned 
a s])eei(ie agyinst some (-anplaint: and that directions for drinking 
and iia tiling are. engi'av(H:l in llie Tartar language on slabs of stoiu3 
])Iaced beside the ,\])])roprjato vent. The water is said to excite a 
groat apjietitc^, (0, 121). 

!7\iv'n uamnk {32' lO' : 7F' 51'). Fhmiing (591 — a, 

2ti0j. Water sliungly cluogcd with snlphurettod hydrogen. Temp. 
9F' F. Deposits snlplmr on evaporation. 

ralialiS.- ihx.jAri: (30” 18' : 7(7' 59'). Henwood (824 — i). Two 
spriip’S. ( halybrrtte and wulpluirons. Temperature Jiot recorded, 
but said to 5o deoiea.sim 

Solebvookc (337 --4, 

127 ) : Lloyd .mkI (iovard (1079. Vol. I, 198). Fivo .S])niig3. Tfiiipj 
IdO-d'-' F. \V'a,i:oi' vvitli a strong sulpluirous sinoll smell, 

L. k (!.) !ui(l (lis.ipTiov.ible saline taste. Deposits ferruginous matter 

(lUia.iii). - 8i:xr (Ml' 14' MO"; 77^' 11'), Gerard (647—2, 112); 
Prinse], (1430- iT). Ifiglit or ten springs on right bank of Builej 
K., onjiokto (h-‘ vi!!ag<!. Tern]). IMrPF. Water strongly sulphur- 

ous, with a very disagreeable .saline taste. Contains chloride and 
sul])ha(;e of soda (0. 71). 

(I5ila.si-mr). -dliiASRA (Ml° 14' ; 7rF 47'). Wade (1862—3). Near 
fJic soviree of tlm Loliand Ivhnd. Temp, not recorded. AVater strongly 
saline, and has a slightly aperient (juality. Said to be efficacious 

in cases of scrofula, tU’opsy, and rheumatism ( 0 . 70). 
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RAJPUTA.N.A. 

-Ganoar (2rG 3' : 74' 40'), Hardii^ (764-^7,, 53), 

Spfiiig rises thnniglr saiidstoiK' Teiiij). 80' F. WaOT bliulit ly sidiru) 
and sulphurous (0. 114). 


Movar T 
(1 daipiir.) j 


SIKKIM. 

llKorKRTAM (27''’ :>l': Miinvndhss (1616, r)!f2). (hi 

right baiik of the .l{iji]>irain R,., a s.hort. diMaon-r IgIow it.s jiifuMioii 
witli tho Koiighop. Two .springs. T.oip, ivnoitKa!. Wafnr 

strongly impregnated willi .snlplino'l (m 1 hydrcgr!!. 

Momai (27"‘ 55': 88' 15'). lloekia- (867 ;y fd ; o;, Vn|. IL jg;), 
375). 8])i'i]igs about, a. inihi lalow llu' [Vol. of IIm,, Iviin iuVijtau gicH-iia’. 
Temp, lltk 10 lib' t\ A\al(.r stvonglv .‘■'nlplniioti.;, ( nn!;)ii|.' -p? (rrS. 
per gallon, of sodimn elilmidm snipliair and earlon.pe. Sfoaesly 
alkaline when eoma id ral cu (0. 1 3:.!). 

.Pjieo Sahiv (27" M'; 88 ' 21'). ikmd Smdn (.1666- s. ]o:M), 
quoting A. (ampbell). Watrr ha.s a d.isagia ra.lijr snail mid 'hg., 
a whifisJi .siibstauce. Tl. is ns(-d mediianalK'. A .similar .-'(ning ismus 
at Pi.Ovi.AZ SAcmr. also on ihn (baai Rangll 18 (0. 125, ClO). 

(27" lb': 8<s’ 15'). .llool-mi' (867 a, \7)|. if, jiig 

375 I). 8(>ve]'al springs. Tenip. ji'da; l\ .l.)i;^:rh::rg<' a ma^ gallons 

per minute. \Vai('i‘ lias a r^iighlly salino taslan and emits snlpiimv.Med 
hydrogen. Coutains eldoride and snlphao^ of soda. 1 .mI for ladh- 
ing (0. 13.1). 

TIBPK 

Ilinulfs.-~-TjRTAi>A]si (31." 8': Sir 52'). Momrroit (1245- i. 155). 
Two springs. Water elear and v<*j’y hoi. Daposils (•.ih'aieoms t ola 
(0. 123). ' 

Tsang iunl T. - Ivami'A Jizoxo (28' 17': 88' .31'), ibivdGn 

(793-^12, 137). Sin-ings sd-iadrd abriut. 5 nnles to N. K. 18 of vdlmrn. 
Temp. 11(8' to 175 K. Walrr slrongly snlj)liuroi.!s. !7\ton !v(‘ da- 
])()s.ds of ea!eare(>ns ajid sdieiarns tnJa .sniTound tln^ sj)riiig,-:. 

JvHANOM \ (28' . 33 ': 8!)' ■[■['). J layd( n (793--- i-, 1 37). Spungs 
formerly more aclivo. Largi^ massifs of triivrdino ha,\a'. ho(i) d.<> 
posited. Temp, not recorded. 

A'oja (27'" 18' : 89" 2'). Ila}'d«‘n (793 lig !3ii). 'rhirtia n spiings. 

Temp, probably about 1I0"K. A\5d^‘r <ljsti{M‘!lv snlphinons. tdaatly 

frequented for medieinal purpose's, ehieii) tin* cm'o ol sl:m d.i.soasos 
and rlieiimatisrn. Pi-'ieh liatli is siqqo.sed to be s])e<'ial!y adajbMi for 
the treatment of a speeitie disease. 
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UNITED PROVINCKS. 

Baiula.-BANDA (25^^ 29' : 80" 23'). Prinsep (1436—5, 17), Water 
from well used iu lac dyeing. Temp, normal. Strongly charged 
witli sulphuretted liydrogen, (Vmtains small cjuantities of chloride 
of soda and magnesia, with carbonates of lime and ])Otasli. 

HenaiTs.-BRNARUS (25" 18': 83" 4'). Prinsep (1436—1). Water 
from tlie l>ridhkal Khund, a well in the city. ('Ontains 7*1 grs. of 
solid matter in 1,000, cemsisting of chlorides and nitrates of soda 
and ])otash, with a little sulphate of soda and carbonate of lime, 
ft IS said to possess slightly aperient (pialities wlien taken in larg{^ 
doses. 

Belira l>un.-~LANJ)Oi]ii (3(k 27' : 78" 10'). Murray (1274), Seve- 
ral chalybeate and sulphurous s])rings occur in the neighbomhood. 
Details of a number of cases in which the \m) of the waters has 
])roved beneti(‘ial are given. Thes(‘ iiu.^lude delhlily, diseases of the 
liver asid spleen, rheumatic and cutaneous com])]aints, etc. 

Sauasradhaka (30" 23': 7(S'' 11'). Ainsworth (18. 13). Watvi; 
strongly iiiijuegnated wit1i snlphn retted hydrogen. Teiu]). 72" F. 
Deposits a thick coating of sulphur on the sides and ))ottom of the, 
S])ring ( 0 . 72). 

Barliwal.- (bvTuuKinjxi) {30‘ :>9' : 79" 5'). Anon. (35 -12); DolD 
moi^Ctoi; (855, 211). Two springs, hot and eold. Temp, of hot 
spring about. J30' F. Dischargti copious. Water has no taste oi 
snn*lb blit ('oiitains carbonates of lime and iron. Water of cold 
Sjuing slightly saline and strongly chalybeate. Temp. 72" .F. (0. 
95). " ' 

Palia or \VAZfU(C\KH (30" 54': 78" 23'), Fraser (619 — 2, 185). 
8(' V(U'a I spiings Wat t‘r tepid, clear, ini])regnated with sulphuretted 
hv(|i’og(ai arid iroji ( 0 . 90). 

TAm>nAA (3(F 29': 79" D'). Moorcroft (1245—1, 380). Dis- 
charge fairly ccipious. T<*jnp. not r(‘corded, but very hot. Water 
chalybeato; de])osits a yellow incrustation. 

Tehri <hirliwal. - Jamnotri (31" O': 78" 3]'). Fraser (619-3, 
19b ;- t, 128 : —5, 227) ; Hodgson (851 — l, 147) ; Jacqucniont (926 — 3, 
Voi. 11, 89). Numerous springs. Tern]). 192-(F F. Discharge weiy 
copious. Water transparent a nd tasteless (bitter and firmiginous, 
according to Jacquemont). Deposits a tliin calcareous and ferruginous 
sediment ( 0 . 92). 
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MOLYBDENUM. 


BIHAR AND ORISSA. 

Small qiiaiitiliea of molybdeiiite Lavo been found in some of llie 
inotamorphic rocks of Cliota Nagjuir. and in the load miuo.s of ITazari- 
bagh (B, IGI). 

A s;im])Ie of molybdenite from an unknown localitv, (d)taiued 
from a firni in Calcutta, was found by Piinsop (1436--S3, 511) to 
contain 71* 1 Y)er cent, of molybdic acid. 


BURMA. 

Tavoy.— iMolybdonite is mentioned by Hleeclc (154 -t, bS) among 
the .minerals (a'ciirring in tlie w<,)tframite lodes of TaA’oy. but so far 
it has been found in negligible quantities only. 


MADRAS. 

lilodavari. A discovery of molybdenite rcM.'cntly madi‘ in sinking 
a \V(‘J1 at Kttnxavauam (17'^ blA 81'^ lb') has laum inv('stigated by 
CottvU' (s'cc llaydoii. Ak'co/v/.s, tC S'. \ ol. XIAIL lil-). The inineial 

was obtained in consideiable (piaulity from a vein of |)('gmatite, 
Imt it a^ppe-ars to be metadv a sporadit* ocminamce, and tln'i'c is no 
voasnu to su]q)os(' that a hu'gi' Jimount will l)e, found in the 
neiglibourhood. 

Travaiunnan ■ Scab's of a- ]duml)ago-like mimaal. wliicli has provt'd 
to molybdenite, oeenr af)imdanllv diss^'minat <’d (hronid'i a v<nn 
of ])V!rho1ilA^ optai,e<l ii]) b\' Masillaimnii (298. l»>) at M \yo.\ malaj 
TULL, alauit 2 mill's to the \V, of AmsM A.\ Aia.rii (8 I!)': <7 28), 

i]i thi' Tovala Taluk. 

Chacko (298, 5:5) stall's that I [m'I* cent, of molybdenum oxide 
was found in the ash of the Warkalli lignite; but in two samples of 
the ash, analvsi'd at- tin' lm]^orial InstituU^ (/bn/., pp. 8L 82), only 
the nu'U’cst ti'aces of mr)l\'b»demim, not- amounting to more than 0-007 
per cent., could be detected.. 


RAJPUTAN.\, 

Kisbaiigaiii.— i\lolvbd('nit(‘ lias henn (b'lectv'd in an (Ti'oliteesoda* 
lit e-(*ancrmitt; ])egmatit<* described by \ la'denbiirg (1854 i^t), oraaii- 
ring at Mandaoria (2b"' 3b' otC : 71' o7 30) Jiear KisliaaigaiU 
(862, 284). 
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MONAZITE. 

Monazite, wliicli constitutes the raw material for the preparation 
of thorium nitrate, used in tlie manufacture of gas mantles, a])pea!’s 
to bo widely distributed in India, but as yet deposits of commercial 
value have been found only in the Madras Presidoiu.’y. It lias b(a‘i] 
detected by Middlciniss in sand concentrates from the Sabarmati R. 
in Jdar Slate, Jhmiliay ; by Annandale on the coast at the entrance 
to the ('iaLKA LAKK in Orissa {sec Tipper, 1787 -12, JDo); and in 
a sample of sand concentrates collected by ’Hayden (793-12, 
190) on the Tsangpo R, near ( 'iiaksam (29' 20' : 90"' 14') in Central 
Tibet. 

MADRAS. 

Ti»!ievell.y. — j\lonazite occurs in the <ddcr dunes, in tlie dr\' 
beds of streams draining eastwards from the hills, and in the ii(‘acii 
sands wliere they have undei'gone sliglit (ujiieeuti'ation {see Ti])[)e,r, 
1787- -12, 195).' 

Traviiucore.— In the. year 1909 it was discovered by Schombuig 
that tlie sands of the coast in the m^ighbourhorxl of t'ojuorin, 

contahi in places large (juantihh.s of iiionazite. These deposits ha\'e 
since been (n>:arniuod in detail by Ti])])er (1787- 12) and ( hacko 
(298, 83). (/oncontra.tions of monazilr^ sand have ))een louiid at the 
following localities : - - 

(tvnn (a)mokin-‘Lirahum (8"' 0' : 77'' 37'). 

MaTTUM-'FiiDUR (8'" 9' 30" : 77" 20' 30"). 

Kovulam (8'-'^ 23' 30" : 77^’ 2'). 

Anjrngo — Warkalu (S'" 41': 7(R KJ'). 

Nindjkauat (8" 58': 7(7' 30' 30"). 

No workable deposits have l)een found to (he north of the Jvallada 
R., which eiiteTs tlie sea near (Iiiilon, though monazite is present in 
the sands of sonn^ of the rivers of north Travancore and ('oeliiii. 
ConeenI ration nsnally takes place where tln^ scour cansed by ihe 
long“shorc curi'euts reiidt'rs the slope of tJn^ heacli comnarativel)' 
$tcep. In snch places the sorting action of the waves, during rln? 
N. E. monsoon period, is most (fToctive. 'rho colour of the sands is 
black wdiere magnetite and ilmouile ]>redommate, but red or yellow 
where garnets or iiKuiazite respectively are in excess. The monazite 
occni's in the form of rounded gmius. varying from Ol to 0*2 mm. in 
diameter, of an amber colour. 

Monazite is also found in the sand dunes fringing the coast br^- 
tween Cape (Aunorin and Anjengo ; and in a ferruginous grit of late 

390 



MONAZITE NICKEL. 


Tertiary age, (‘xposed at. the. Lase oi the Warkalli cjiils. This 
probably repiesents an old beaeli coaeenti’ate. 

Monazite i}i si(u vsas first discovianrl by Mr. jinb'H’t iu tlio 
gnnphite mines at Yellanad (K" dl' : 77" 7'). Avlieve it oc.-ars with 
g]'a])irite in a rock, probably a i}egmalit'\ lilling :i fault laiu'k, It 
has also been foimd by Masiliamani i298. 7 ; 1188, (i) m ]K'g]natitns iu- 
trusive in garnetiferous grauulites and chaniockites nmr [slandi- 
mangabim (8^ 10' : 77 ' 2b' 80"), and at other loealitirs iu tlu^ 'Ikoala 
Taluk. The mmuizite is ])rr,s(M\t as an original (’ousrif muit of the 
roek, and sometiiiu'S oecnrs iji eonsid>Mabh‘ abuiidau(‘e. : Init 'rip])‘'r 
(1787— t-, lit!) is (d opinion (hat tln^ bulk of the, monazitn in the 
shoro sands is dei'ived trooi (ha giusss oj TmAaiuaji'n. 

Tlie ]iro])ortion ot thoria {U-y\-w-u(. in Travaneoiv tnonazlln shows 
consideTable variation. A sanph* .‘inah/sed b\' ( hri,^-ti(' at (he (!eolo- 
gieal Survey lalioratory yiei(h'd b-O pra' ecnt. T.mD., {srr Tipper, 
1787 — -it*, lot). A s'.ain|,h' ol t!>e na.l!irally coiu'enti'at^si s.and from 
near tjf^uihnn e:o,nnined by (‘rook aial Joimsione (391 at tlie 
lm])r-rj'.l fnstitutvs eoidsiued o\a !' b't pss' (■, nt. of nurua/rde, in wl'h’h 
the (hoih’i (‘(mtont ainOiinte.d. to e'-b per (’(‘.nt. 'A liile I n o samples 
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NKKklL. 

ArtiiAo’si’ ' d, 

I'l'sees oi nielv*-! ver-' (icfectMl bv Malh-r in a contact rrsh: 
described by krnA.b'iclj (703 - n b..)] as i'ei-';4!Tini,> mur KsMiMroi 
(o!' 87' : ore lb') along the jiinc(i(>i) of int rii '■'i v“, bsisalt with liini.iiiriric 
((Jretaceous) liuiestone (B. 2>2(>). 

ilURViA. 

Henzada- — Nickel has l)een f(.e..nd in ,s])eciineirs ol pyrite said 
to have been obtained in the Henzada d.istrict (862, 281). 
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MADRAS. 

Tr«vancorc. — The sulphide ores occurring near Aeumanallur 
(8° 19' : 77° 28') in the Tovala Taluk, described by Masillamalvi 
( 298 , 13, 30), contain small quantities of nickel. A surface sample 
showed 0’64 per cent, of nickel ( 862 , 281). 

RAJPUTANA. 

\lwar. — B hanoarh (27° r>' ,30": 76° 21'). Specitnons of iron and 
iron ore obtained by Hacket (730-2, 92) at this locality contained 
tra:a‘s of nickel (B. 32C). 

JuijMir. — K hictri (28"^^ 0' : 75'^ 51'). A tvaco of nickel was detected 
bv*!\iallet (1159 — 24, 195) in sam])les of cobaltite fioin tlie Khotri 
copiicr mines (B. 326). 

NIOBIUM 6( c RARE MINERALS -COLUMBITE and SAMARSKITE. 
OCHRE. 

Oclireoiis litliomar^^es or bole of' varions coli^ms siiiial)](‘ for u.^e 
as pigrneuts are abundantly distributed iji tlic Indian jicninsula iind 
Burma in as.soaiation witli lalaaitn, and a.i<‘ lary<^ly ernphmHl under 
th(‘ generic.’ name geru, for colouring the walls of houses, making 
caste marks, etc. J)(^posits of a similar clurraetei' also occur iuiiong 
rocks of various geological ages, down to the Arcliman liematiohs. 
Barries {q. r.) is sometimes used as a substitute for ‘ white hvul' 
Tlie followiiig oceui'reuees of ochre have beem .S[a:‘cially noted; — 

BIHAR AND ORISS.V. 

(hiya.- An indurated reddle, of oiange. purplm light red, or 
yellow coh.Hirs, (piarried from a small hill situated to the \V. of (kw.v 
(24/^ 47': 85"' I'), is used, according to Sherwill (1625---1, 59 ; 

18), for dyeing (‘loths. 

May Hrhlniaj.—' Bose (173 — 2o, 170) mentions that red and yellow 
ochres are met with at places, and are used as colour washes. 

Samtai Bargauas. - Buchanan- FTaiuiltou (222 — 1 9, 4) inentions the 
frequent occurrence of beds of ochre in connection with the kaolin 
deposits of the Rajmahal hills. ' Fragments derived from these bods 
are collected from tlie streams, espoicially Jiear Khaki pahar, at the 
southern end of the hill range, and are used for colouring. 
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Sliahabad* — Sherwill (1625 — 5, 283) states that extensive beds of 
ochre are exposed on the Kaiinur plateau at Maxdpa (24' 44' : 
83" 40; 30") and Chuthan (24" 38' : 83" 44'), and that the material 
is caiiied to Patna, Benares, etc., for dyeing and use as a piginent. 

Singhbluiiu. - vAccording to Haiighton (785 — i, 118), red ochre is 
said to be found abundantly on the Kolhan estate in |)argana 
Saranda ; and yellow ochre at several places in KjrAR8A\\'AN t22" 
48': 85" 53'). 

BOMBAY. 

Hijapiir, — .A Ix'd of fine while and lasl clay, occuiring in sand- 
stones ai th<^ siiinmd of a spur from th(‘ Sitaoonoa uifj.s overloolcing 
the (diafi>rid)lui H., to the K. of r>iiA(,AnKOT (KP 11'; 75' fii'j. 
is mentioned b\' h-:(:wl) 0 !d (1294 li, 272) as lading extiMisively used 
as w4iite,vvash. and foi* painting caste marks. 

]A)ot(' (596-— 12, 2b()) remarks tlnit beds of red bole a!*‘ found in 
many plainss on the Deccan trap, and. that ilie matohvl has beei\ 
oxpei'imcnta.lly used as ])aint with success. 

Cnuicli. --According to Wynne' (1975 ' tl, OO), some of tlie highly 
fen’ugi)u>ns Inals of (he sid)~mmtmu!it ic* seihss. occurring lusn* ]^.\Kyn 
CAT (23' 50' ; h‘8' 5(V). ai’c. u . (d as pigments. Tlie white shahss from 
tlni sanie :-.eries and tin* Jm’assie formadio!) are nsisl as whitewash. 

(B. !J8). 

liailiiauar. - Adye (11, 200) has (leseiib('d deposits of yellow oclire^ 
occurring ahout 2 miles to the S. AV. of JIaiuawah (22^' 0' 30" : OO" 25' 
30") \u Navanagar 8rats. The beds ar(‘ from 0 iiis. to 2 ft, in Ihick- 
iiess. 


liaidha') 


Deposits of red and yellow ochre are found 


(i?aj|>ii4:i). j 

at various places iji 'iiie Jhagadia and Valia Taluks, acc(wding to 
Bose (173 — 23, 18{). The best are those occurring at Padvania 
(21" 41' : 73' 18'), whicli hav(' been worked for many years. About 
120 tons are said t<) b^v talcen away annually by Mahotnedan traders. 
A. sample of the rod ochre contained : — '"-'^80 : AkdTp~:2l -30 ; 
Si02— 35-32 per cent., with small (inaniities of lime and magnesia. 


BURMA. 


Myiugyan. — A deposit of yellow ochre reported as occurring at 
Panbe (20" 50' : 95" 5') was found on examination by Hayden 
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{see OldhajTi, 1324 —^ 2 , 6) to be variable in thickness, with a maxi- 
niuin of 30 feet. 

Tavoy.— Mason (1185 -1, 42) inentions an extensive bed of red ochre 
near Kalliauno (? Ka-lein-aung , 22': 98^ 12') on the Tavoy 

B., It is also said to be found on the Great Tena>ssorim R. (B. 418), 


CENTRAL INDIA AGENCY. 

Panna. Sorae of the ochreoiis clays associated with ferruginous 
laterit.e are used, according to Vredenbiirg ( 1854 — 18 , 314), as pig- 
nnaits. During tlio years ]!909 to 1912 inclusive the deposits of 
yellow ochre yielded an average of 315 tons annually (862, 280). 


CENTRAL PROVINCES. 

??alagha(, — Rod ochre is luentlrnu-d in the ('entral Provinces 
Ga/(4teoi: (680. .18) us lacing ohiahied in the SAiairKRi hills (2P' 47' 
80'-'' 52'), a.nd for colouihrig hous^?;'^ and dyeing the clothes of 

])articuiar (*.ast(.:S. Wilkinson (1933) also reports its occurrence in 
large (jiuinfities at Sukeindan, in the Lariki liills, a locality not 
marked on tlio maps (B. 117). 

(lutiMhu - 5ViI]{insoji (1933) states tliat yellow ochre is found iji 
abundance in tlie disirict. and brought to Nagpur, but gives no 
precise localities (B. 418). 

Diicg- Red ochre of good rjuality is obiaiiied from pits in the 
irAxoA! (28^ 40': 8]"' 10') and TnAKuaToi.A (2P’ 39': 8]''^ 2') zemin- 
dar ios (B. 417). 

J?dd>!iJn()re.— The seTui-oclireoiis hematites meirtioned under tl)e 
headiiig IRON, (occurring at ,}avu (23^ 23' 30" : 80^' 17' 30"), have l)e<m 
(|uarri(Hl for imoo; years (see Oldham, 1326---VJ, 9) by Messrs. Olpherts 
& Go. for the mamdacturc of ])aint. Tin; niuterial is proparcM for 
market l)y grinding to an impalpable powder betAveen millstones 
worked by small vrater-wlmels, and mixing witli linseed oil. An 
addition of resin, dissolved in the oil, is said to give brillianci; and 
durability to the colour. The outturn varies between 200 and 400 
tons annually (B. 417), 

A brief account of the industry has been given by Holes (858— R 
22). Picked samples of the hematite are said to yiedd 69 per cent, 
of iron. 
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Nagpur. — Wilkinson (1933) states that yellow ochre, of somewhat 
inferior quality, is quarried near Kalmeshwab (21° 14' : 78° 59'). 

MADRAS. 

Arcot (N.). — A general description of the deposits of yellow ochre 
found in the Madras Presidency has been compiled by Hunter (894— 
3). A bed nearly 2 ft. in thickness, occurring near Tilavbbam, at 
the foot of the Nagari hills (13° 23' : 79° 40'), is specially mentioned. 

Areot (S.).— Blanford (147 — 8, 214) mentions a bed of yellow ochre 
occun'ing among the Cuddalore sandstones at 'Trivandipueam (11° 
46' : 79° 46'), which is used as a pigment. 

Bellary. — Foote (596—39, 193) mentions some ochreous ‘ argil- 
lites ' of rich red colour, and also of yellow in many shades, which 
appear to have been worked to some extent for pigments, occurring 
beneath an iron ore bed at the Adargani mine, a mile and a half W. of 
Kumaeaswami temple (15° 1': 76° 37'). Immense quantities of 
earthy red hematite, which would yield an excellent paint if reduced 
to powder, were seen along the western base of the Eamandrug sec- 
tion of the Sandiir hills. 

Nilgfri. —Blanford (147—3, 237) suggests that beds of ferrugin- 
ous clay, occurring near the church at OoTACAMirND (11° 21' ; 76° 47'), 
might be used for colouring purposes. 'Ihe beds owe their origin to 
the decomposition of highly feiniginous gnei.ss (B. 417). 

Trichiiiopolj.— Some of the highly coloured clays of Cretaceous 
age associated with beds of pipe clay exposed between Terany (11° 
6': 78° 56') and Kauray (11° 8': 78° 56' 30") might, in Blanford’s 
opinion (147 — 8, 214), be used as pigments. 

MYSORF,. 

Shimoga. — Slater (1649 — ii, 42) says that much of the lithomarge 
which is found in vaiious parts of the Sorab and Sagar Taluk.s, 
beneath and passing into lateiite, might be used as cokyuriiig matter 
on account of its freedom from grit and the vaiiety of shades ft 
affords. Yellow is the prevailing colour, but jiink, salmon, brick 
red, and other shades also occur. 

PUNJAB. 

Hangra. — Giiesbach (708—31, 50) mentions the occurrence, re- 
ported by Hayden, of large quantities of yellow ochre in recent 
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deposits near Dauks A encamping ground, on the Ratang R. (32° 13',: 
78° 6') in Spiti. 


RAJPUTANA. 

Kishangarh. — A black slate occurring near Kishangaeh (26° 34' : 
74° 56') has been used with success as a pigment on the Rajputaua- 
Malwa railway (862, 279). 

ONYX ■) 

> see under GEM-STONES. 

OPAL 3 

ORPIMENT see ARSENIC. 

PAINT, MINERAL see OCHRE. 

PEAT. 

ASSAM and BENGAL. 

True peat is not known to occur in the.se provinces, but masses 
of decayed vegetation of a peaty description are found in the jhik 
of Sylhet and Cachar, the Brahmaputra valley, and Lower Bengal. 
A sample from Nazira (26° 55' ; 94° 48') in the Sibsagar district of 
Assam, analysed by Tween, yielded C=13-4 : Vol.=20 6 : Ash=:52-4 : 
Water=13-6 per cent. (B. 124). 

Piddington (14f5-0i) has described the formation of a species 
of peat in the jhik of Lower Bengal. The principal plant concerned 
in its production is the wild rice Oryza sylvestris. It is used to some 
extent as a manure, but is not likely to afford a useful fuel (B. 123). 

A section exposed in a tank at Sealdah, in Calcutta, was de- 
scribed in 1864 by H. F. Blanford (147 — 12 ). At 20 ft. from the sur- 
face a bod of peat a foot thick was met with, overlying 10 ft. of clay 
with sand and tree stumps. The bed is said to be traceable over a 
wide area on both sides of the Hughli, but it is too impure to be used 
as fuel, even if its extraction were possible. A sample from 30 ft. 
below the surface at Chitpur, analysed by Prinsep (1436—14, 435). 
yielded C— 16-7 : Vol., including water =62 0: Ash=21:3 per cent 
(B. 122). 

KASHMIR. 

A sample of peat obtained by Falconer and analysed by Percy 
{Metallurgy, p. 205) gave C— 37-15 : H^-^ OS: 0=23'48 : N=2-02: 
Ash=33-27 per cent. The included water amounted to 10-40 per 
cent. (B. 123). 
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MADRAS. 

Ntlgiri . — An elaborate report on the feasibility of using the peat 
of the Nilgiri hills in a condensed form as fuel on Indian railways was 
drawn up in 1871 by Wragge (1969 — l). Numerous peat bogs are 
said to occur on the hills at elevations over 6,000 feet. No 
estimate of the total quantity available was made, but it is stated 
that the deposits are in places 30 ft. deep, and that one acre, 3 ft. 
in thickness, will supply 750 tons of dried peat. The peat was used 
as fuel in Ootacamund (B. 120). 

NEPAL. 

Beds of impile peat are of frequent occurrence, according to 
Medlicott (1197 — 39 , 99). They were specially noted at the Katwal- 
dar gorge (? 27° .34' : 8.5° 15') and near the surface of the uplands to 
the N. of Katmandu (27° 41' : 8-5° 19'). The deposits are said to be 
thick, and pure enough to be used for burning bricks (B. 124), 

. UNITED PROVINCES. 

Partabgarli.— In 1865 Ouseley (1350) forwarded specimens of peat 
from a jkil near the village of Kindauli (25° 49' 30" : 81° 37' 30") to 
the Asiatic Society of Bengal. . The deposit was said to be about 
12 acres in extent, and from 1 to 6 ft. thick. On analysis by Tween 
the peat jdelded C=16-5: Vol. =34-7: Ash=35-5; Water=13'3 
per cent. (B. 123). 

PETROLEUM. 

The occurrences of petroleum in the Indian region are restricted 
to the Tertiary formations lying on either side of the peninsula, 
in the Punjab and Baluchistan on the west, and in Assam and Burma 
on the east. No deposits of mineral oil have been recorded from 
the palffiozoic and mesozoic rocks of the Himalaya, or from the 
Gondwana system in the peninsula. The general distribution of 
petroleum in India has been described by the following writers ; — 

1881. Ball (71 — 45 , 124-154). A summary of the informa- 
tion available. 

1886. Medlicott (1197—77). Gives a general account of the 
nature and origin of petroleum, and discusses its mode 
of occurrence in foreign countries and in India. 

1887. Marvin (1183). An essay on the petroleum resources 
of the British Empire, with special reference to the oil 
fields of India. 
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1890. Boverton Redwood (1469 — i). Notes on the oil fields 
of Burma, Assam, the Punjab, and Baluchistan, with 
remarks on' the nature and composition of the oil. 

1894. Oldham (1394 — 47 ). A general account of the oil 
fields. The history of the experiment at Khattan in 
Baluchistan is specially dealt with, and a systematic 
survey of the areas likely to be oil-bearing is advocated. 

1904. Evans (665 — li). A brief summary of information re- 
garding the distribution and production of petroleum 
in India. 

1910. Murray Stuart (1723 — 8). A discussion, illustrated 
by experiment, of the conditions governing the deposi- 
tion of mineral oil in argillaceous sediments. 

1912. Ciinninghara-Craig ( 402 ). A general introduction to 
the study of the geological conditions leading to the 
accumulation of petroleum, with special reference to its 
mode of occurrence in Burma. 

1913. Boverton Redwood ( 1469 - 2 , 3rd Bdn., Vol. I, 43-53, 
158-159). A history of the development of the petro- 
leum industry in India, with a brief account of the oil 
fields. 

The production of crude petroleum in India increased from 
89,295 metric tons in 1898 to a maximum of 1,114,680 metric tons 
in 1913, reckoning the metric ton as equivalent to 249 imperial 
gallons. By far the greater proportion of this output was derived 
from a single oil field, that of Yenangyaung in Burma. India now 
occupies the seventh place among the oil producing countries of the 
world, though the quantity produced amounts to little more than 2 
per cent, of the total. During the year 1914 there was a slight de- 
crease in output, to 1,041,537 metric tons; but there was a recovery 
in 1915 to 1,152,986 metric tons. 

ASSAM. 

The oil belt of Assam extends from the Dehing basin in the ex- 
treme irorth-east of the province along the outer flanks of the hill 
ranges forming the eastern border of the Brahmaputra and Surma 
valleys, to the islands off the coast of Arakan in the Bay of Bengal, 
a total distance of about 800 miles. In Assam the petroliferous 
beds are known as the ‘ Coal measures,’ and appear at the surface as a 
discontinuous seriqs of narrow, elongated domes, cropping out from 
beneath a group of upper Tertiary sandstones with fossilised wood. 
The inner boundary of these groups is marked by a great thrust 
fault, separating them from an older group of unfossiliferous shales 
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which may include strata of Cretaceous as well as Eoceue age. The 
! Coal measure ’ or oil-bearing horizon may therefore bo referred to 
the Miocene or Oligocene period. 

A special memoir on the geological structure of the oil belt, 
with a descriptive account of the oil springs known to exist, has 
recently been compiled by Pascoe (1369—13). References to this 
work are denoted below by the letter P. 

Cachar. — Seepages of oil are reported to occur at the following 
localities : — 

Badarpur (24° 52' : 92° 37'). This is probably the oil spring 
mentioned by Jones (956 — 2, 283) as i.ssuing near a hill called Arpin, 
opposite SiLTEK (SiiiALTEK, 24° 52' : 92° 41') on thc^ Barak R. An 
experimental boring has been put down by the Badarpur Tea Co., 
but the result has not been recorded (B. 137 ; P. 310). 

LarangR. (25° 3' : 92° 42') ■) 

Masimpur (24° 52' 30" : 92° 50') i (P. 310). 

Saraspur hills (? 24° 45' ; 92° 35' ) 

Kiiasi and .laintia Hills. — Along the .southei'ii margin of these hills 
the Cretaceous and Tertiary rocks are bent over, forming a well 
marked i.socliual fold. The crest of the fold has been entirely re- 
moved by denudation, and no large accumulation of oil can be ex- 
pected to occur. Seepages have been observed at the following 

localities : — 

Chela (25° 12' : 91° 42'). Close to, and to the S. of the village 
(P. 310). 

Dhamalia valley (? 25° 14' : 91° 25').— (P. 311). 

Kha.simara (25° 12' : 91° 36'). The oil here is said to be re- 
markably free from paraffin wax and to possess good lubricating 
power (P. 311). • 

At the foot of the Jaintia hills, further to the east, two small 
petroleum springs were discovered in 1901 by Bose {see Griesbach, 
708 — .34, 19) on the eastern feeder o'f the Dona R., about 8 miles to 
the E. of Mulagul (25° 2' : 92° 22'). The oil issues from fine grained 
Tertiary sandstones. 

Lakhiinpur. — The frequent occurrence of exudations of petroleum 
in connection with the coal seams of Upper Assam was noted in 
1838 by Jenkins (941 — 2) and S. P. Hannay (760 — i). In 1845 P. 
S. Hannay (769) carried out a search for asphalt along the base of 
the Naga hills, and enumerates a number of localities at which see- 
pages of oil were found. These occurrences were also noted by 
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Mallet (1159 — 9, 356) in the course of his survey of the Assam coal 
fields. More receilt exploration has resulted in the discovery of a 
productive oil field at Digboi (27^ 23' : 96*^ 41'), now being worked 
by the Assam Oil Co. 

The oil field covers an area of about 130 acres. The visible out> 
crops indicate that it occupies the crest of an asymmetric anticlina 1 
dome with its longer axis directed from E. N. E. to W. S. W., over- 
folded towards the N. N, W. The productive wells are situated on 
the southern limb of the anticline, where the dip of the rocks is from 
30 to 40 degrees. An oil sand crops out at the surface, but the prin- 
cipal supply is obtained from a lower sand between 1,400 and 1,700 
feet from the surface. Gas always accompanies . the oil, especially 
in the E. N, E. part -of the field (P. 295). 

An account of the methods adopted in the exploitation of the 
field has been given by Capito ( 280 ). In most of the wells the pres- 
sure of gas is sufficient to cause the oil to flow intermittently. Much 
trouble is caused by the clogging of the wells with solid paraffin, with 
which the oil is saturated. The wax, however, forms one of the most 
valuable constituents of the oil, being of fine quality, with a molting 
point of 135° F. A refinery has been erected on the field, the prin- 
cipal products being : — 


Kerosene oil 

Jute batching and lubricating oil 
Petrol .... 
Wax (and candles) 

Sundry oils, including fuel oil 


Average annual production 
1909— 191 H. 

l,8r)r>,7()() gnl'ons. 

. s 350,(i:i8 
94,91 :i „ 

. 1,870,827 lbs. 

201,503 galloas. 


The output of ci’ude oil Ijas inci-eased steadily from 28,000 gallons 
in 1892 to 4,688,547 gallons in 1914. In 1915 the output was 
4,550,150 gallons. 

Successful wells have also been drilled by the Assam Oil Co. 
at Bappa Puno, situated about a mile toiE. N. E. of the Digboi field. 
This field probably marks the crest of a second asymmetric dome, 
similar to but distinct from that of .Digboi (P. 301). 

Oil springs are known to occur at the following additional locali- 
ties in this district 

Dekhia Juu (27° 17' : 96° 29'). Oil seepages have been found in 
the hills bounding the Dekhia Juli Tea Garden. At Sial Ghar, about 
a mile and a half to the N. E., three or four outcrops of oil sand were 
seen in a small stream ; and beyond this, in the direction of Digboi, 
is a line of fungs or ' salt-licks ’ (P. 294). 
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Disang R. The occurreace of several petroleum springvS near 
Rorhat (27° 10' ; 9^° 25') was noted in 1838 by Jenkins (941—2). 
The most productive springs are situated in a tributary on the right 
bank of the river, draining the Hilika range. They appear to mark 
the crest line of an anticline, overfolded towards the north-west 
(P. 288). 

Hapjan (27° 12' : 95° 26'). Plentiful indications of petroleum 
were found by Simpson (1640 — s, 205) in a stream about "three 
quarters of a mile to the S. of the Hapjan 'Tea Factory , (P. 292). 

Hilika (27° 16' : 95° 38' ). A gas seepage is reported to occur 
on a stream which enters the Diking R. close to the village (P. 306). 

Makum (27° 18' : 95° 41'). The existence of several seepages of 
oil, with an abundant discharge of gas, on the Makum R. was re- 
corded in 1865 by Medlicott (1197 — 9. 415). Two years later borings 
were put down by Mr. Goodenough, a member of the firm of Messrs. 
McKillop, Stewart & Co., and a record of the results obtained was 
published by Hughes (888— ir>) in 1874. None of the borings reach- 
ed a greater depth than 143 ft., and only one (No. 5, 82 ft. in depth) 
appears to have produced any considerable quantity of oil. The 
discharge from this was intermittent, amounting at times to 2,000 
gallons a day. A further experiment made by the Assam Railways 
and Trading Co. in 1888-89, when one boring was carried to a depth 
of 500 ft., met with little success. A How of 800 gals, a day was 
struck at a depth of 158 ft., but on deepening the hole to 500 ft. a 
strong flow' of water stopped the oil. The locality appears to be 
w'orthy of further and deeper tests (P. 302). 

Numerous oil seepages occur in connection with seams of coal 
on the Nam dang R.. about a mile and a half E. of the Makum area. 
The dips of the strata indicate that these springs may lie on the 
eastern extremity of a large dome which includes the latter area. 
A little oil was obtained from a boring j)ut down by the Assam Oil 
Co., at 400 feet (P. 304). 

Nahor Rung (27° 13' 30" : 95° 27'). Hannay (759, 818) mentions 
the occurrence of numerous oil seepages in this area. The structure 
of the rocks is obscure, but the springs are probably situated on the 
axis of a greatly denuded anticlinal dome. Borings put dowui here 
by Mr. Goodenough in 1866 proved unsuccessful, gas and a little oil 
only being met with (P. 292). 

Namohik or Namrup R. (27° 25' : 96° 2'). A line of gas ‘ pungs,' 
showing traces of oil, was discovertid here in 1837 by Major White 
{see Bigge, 125 — 1 ; Griffith, 709 — 4 , 60, 117). The line is about 2 
miles in length, and presumably coincides with the crest of an anti- 
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clinal fold, striking east and west. The area would be worth testing 
(P.306). 

SuPKONG( marked as ‘ Sookhung ’ on Wilcox’s map of Upper 
Assam, adjoining the village of Phakial (27° 20' : 95° 47'). Wilcox 
(1926 — 2, 415) describes two large gas ‘ pungs ’ close to the bank of 
the Buri Diking at this place. Green petroleum was seen floating 
on the water near the edge of the springs (P. 309). 

Jfowgong.-— M eyongmsa R. Smith (1657—2, 85) noted the occur- 
rence of several springs of soft blue mud, apparently caused by an 
escape of gas, about half a mile to the S. E. of the village of Gudu 
( 25° 56' : 93° 21'). The beds in which they occur probably belong 
to the ‘ Coal measure ’ group (P. 280, 310). 

Sibsagar. — Ciiingan (26° 47' : 94° 65'). Petroleum was observal 
by Mallet (1159 — 9, 358) exuding in four or five places from massive 
‘ Coal measure ’ sandstones near the head of the Tim R. (P. 287). 

Kanugaon (27° 3' : 95° 13'). An oil seepage was discovered by 
Mallet ( 1159 —!), 358) on the bank of the Tiok R., issuing from the 
. sandstones overlying the " Coal measures ’ close to the boundary 
fault. Another seepage was observed by Hayden (793 — 18, 316) on 
the right bank of the river, about 2 miles lower down (P. 287). 

Tf.l Pung (26° 45' ; 94° 52'), on the Dikhu R. in the Nazira coal 
field. Exudations of petroleum were observed by Mallet (1159 — !), 
358) from a bed of massive fine grained sandstone strildug across the 
river. The seepages occur on or near the crest of an elongated 
anticlinal dome, overfolded towards the north-west. The structure 
is not unfavourable to the existence of workable oil beneath the 
surface (P. 285). 

Bingpho Hills.— M iaobum (27° 27' : 96° 21'). A feeble discharge 
of gas was observed by La Touche ( 1034 — 7, 112) in a small pool close 
to the outcrop of a seam of coal on the ascent to Miaobmn, at an 
elevation of about 1,300 ft. above the Diking. valley. Several furtgs 
or ‘ salt licks ’ occur in the vicinity (P. 308). 

Nchongbitm (27° 31' : 96° 32'). Wilcox ( 1926 — 2 , 415) mentiors 
the occurrence of a ' pung ' on the ridge between the Duugan 
and Dapha rivers, near the village of Kumku. According to La 
Touche (1034 — 7, 112), there is a copious discharge of gas from the 
spring, sufficiently strong to force up a jet of water about 8 ins. 
in height. The gas is inflammable, giving off an odour of burnt 
petroleum (P. 308). 
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BALUCHISTAN. 

Bolau Pass. — K irta (29° 36': 67° 31'). Ti’aces of petroleum; 
were observed by Oldham (see King, • 98*7— 46, 5) in travertine de- 
posited by hot sulphurous springs at the foot of the hills to the W. 
of the dak bungalow. A boring sunk in 1889 was carried to a depth 
of 360 ft., when a copious spring of hot sulphurous water was struck, 
accompanied by a little oil. 

Kachtii. — Vredenburg (1854 — 36 , 208) states that petroleum 
springs have been reported as occurring among the Siwalik strata 
surrounding the Kachhi plain, and that tlu! structure of the rocks 
in places seems favourable to the storage of oil. A seepage is re- 
ported by Hutton (900 — 8, 564) to occur in the sulphur mines at 
Sanni (29° 9' : 67° 37'). where the oil was collected and boiled down 
W'ith the refuse ,of the mines to form a dark coloured brimstone 
(B. 126). 

Las BeI/A. — T he existence of groups of mud volcanoes, described 
by Kobertson (1495), Hart (777, 3.30), and Stilfe (1704-2), on the 
Mekran coast in the neighbourhood of Has Kachari (25° 24' : 65° 
48'), indicates the presence of gas , under pressure in the underlying 
strata. A,ccording to Vredenburg (1864 — 36 , 206), the beds are the 
same as those from which the mineral oil of Persia is derived, and 
they correspond in geological age with the oil-bearing strata of 
Burma, and with the ’ Schlier ’ of Kurope. The rock structure is 
said to be ideally suited for the accumulation of mineral oil. The 
left bank of the Hingol K. to the N. E. of Aohor (25° 27' : 65° 28') 
is suggested as a favourable site for an experimejital boring. The 
mud volcanoes arc said by Stifle to occur at intei'vals along the coast 
as far as Gwadur (25° 7' : 62° 19'), about 200 miles to the W. of 
Has Kachari. 

A sample of gas from one of the volcanoes, examined by Christie 
(314 — 2), was found to contain members of the paraffin series with a 
higher carbon content than mansh gas, indicating the possibility of 
its association with liquid hydrocarbons below ground. 

Sibi. — Harnai valley. In the year 1889 a survey of the country 
lying to the east of the Sind-Pishin railway, in the Harnai valley, 
was undertaken by Oldham (1324—31 ; — 32), with the special object 
of discovering the most favourable sites for petroleum exploration. 
The lower Tertiary rocks in this area are thrown into a series of well 
marked anticlinal domes. Indications of the existence of petroleum 
under pressure were detected in fissures and in veins of calcite 
traversing the massive Eocene limestones which form the crowns of tho: 
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domes; but borings put down the sites selected failed to meet 
with any accumulation of oil {see King, 987 — 49 , 9). 

Khattan (29^^ 34' : 68® 31'). The conditions under which petro- 
leum occurs at this place have been fully described by Townsend 
(1794 — 1 ; — 2 ) and Oldham ( 1324 *-~ 32 , 104 ; — 47 , 147). Here the 
exposed end of an anticlinal dome, similar to those seen in the Harnai 
valley, is greatly shattered by faulting ; and small quantities of 
petroleum, accompanied by sulphurous water, issue from fissures in 
the rocks forming the ' cover ' of the dome. Borings were put down 
between the years 1884 and 1890, and oil was met with at depths 
varying from 62 to 374 feet. The oil is described as a black, tarry, 
viscid substance, which becomes semi-solid at temperatures below 
60® F. It occurs only in crevices in the rock, and the supply was 
never very large. In 1889 it amounted to 218,490- gallons. The 
admixture of sulphurous water rendered the oil difficult to distil, 
but it was used with success on the North-Western railway as locomo- 
tive fuel, and in the Khojak tunnel works {see Hughes, 884 ). 

BENGAL. 

<!l}ittagoug. — The rocks forming the hill range lying to the N. 
of Chittagong correspond in geological age with those of the Assam 
oil belt, and arc thrown into a well marked and slightly asymmetric 
anticlinal fold. No indications of oil are visible at the surface, but 
seepages of inflammable gas have long been known to exist along 
the crest of the anticline between Sita-Khund (22® 38' : 91® 45') and 
Ktjmira (22® 31': 91® 47'). Trial borings recently put down in this 
area have not yet succeeded in reaching oil in quantity, though in one 
of them traces were met with at depths of about 840 and 1,800 feet, 
and strong flows of gas at deeper horizons (P. 311). 

BOMBAY, 

Sind. — The possibility of finding oil at Sukkur (27® 42' : 68® 55') 
on the Indus 11., where the upper Eocene (Khirthar) limestone over- 
lying the coal and oil-bearing horizon in Baluchistan is brought to the 
surface by a gentle anticlinal fold, w'as suggested by Medlicott 
( 1197 — 77 , 202) in 1886, A boring put down in 1893-95 near the 
crest of the anticline to a depth of about 1,600 feet proved imsuccess- 
ful, no indications of petroleum being found beyond faint traces ol 
gas at 785 feet. The rocks passed through beneath the Khirthar 
limestone consisted of gjqiseous shales with occasional thin bands oi 
concretionary limestone. No beds of a sandy nature, in which oil 
might accumulate, were met with {see La Touche, 1034 — 23 ; Grios- 
bach, 708 — 29, 6). 
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BURMA. 

• Two distinct oil-bearmg regions are known to occur in Burma, 
separated from each other by the mass of hill ranges known collec- 
tively as the Arakan Yoma, which forms the western margin of the 
Irrawaddy valley. One of these areas, by far the less important from 
an economic point of view, comprises a number of islands in the Bay 
of Bengal lying close to the coast of Arakan, and may be considered 
as an extension, to the south of Chittagong, of the Assam oil belt. 
The other, or Burmese oil belt, is a narrow strip of territory extend- 
ing along the valleys of the Irrawaddy and its tributary the Chindwin 
for a known distance of about 400 miles. The productive oil fields 
are confined at present to isolated portions of a section of the belt 
about 90 miles in length, 

A general report on the geology and economic resources of the 
Burmese oil belt was drawn up by Noetling (1311 — 27 ) in 1897, 
when the exploitation of the oil fields, thrown open to British enter- 
prise by the annexation of Upper Burma, was still in an early stage 
of development. This work lias now been supplemented and sn])er- 
sedcd by an exhaustive memoir, dealing m\h. the whole of the pro- 
vince, compiled by Pascoe (1369 — n). Keferences to the latter 
publication are denoted below by the letter P. 

The principal source of petroleum in Burma is a siib-di vision of 
the Tertiary system to which the name ' Pegu group ’ was given by 
Theobald ( 1763 — 268). This consists almost entirely of rapidly 
alternating, lenticular bands of clay, sandstones of varying degrees of 
hardness and porosity, and impure limestones containing a marine 
or estuarine fauna of Mioc<me age. The sandy beds afford storage 
ground for the oil, which is h(4d in place by the ‘ cover ’ of impervious 
clay. The thickness of the formation is uncertain, but ])iobably 
amounts to 10,()00 feet or more where it is fully developed. The 
whole series of beds has been thrown into more or less pronounced 
undulations, often taking the form of anticlinal domes, not greatly 
disturbed by faulting ; so that favourable conditions exist for the 
accumulation of oil in sul)tcrranean reservoirs or ' pools.’ The 
distribution of oil is capricious. Many of the sands, though other- 
wise favourably situated, are found on being tested to be filled with 
water, or in some cases with gas alone. Water-bearing sands are 
occasionally met with occupying an intermediate position with 
regard to the oil sands above and below ; a circumstance which indi- 
cates that no migratio]! of oil from the more deeply seated to higher 
horizons can have taken place, and that the oil has originated in the 
^beds which now contain it. 
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At certain places oil has been found exuding from Eocene (num* 
mulitic) beds underlying the Pegu series; but these occurrences are 
usually of a feeble character and, except in Arakan, of little com- 
mercial importance. 

LARAKAN area. 

Akyab. — Baranga Is. These islands, three in number, are com- 
posed of sandstones and shales, probably of numraulitic age, sharply 
folded in a N. N. W. — S. S. E. direction. About 40 wells have been 
put down near the southern extremity of the eastern island. These 
formerly produced from 100 to 120 gallons of oil a day in all, but of 
late years the yield has steadily declined. The oil is obtained from 
a depth of about 300 feet. 

Small quantities of oil have also been obtained from wells on the 
middle and western islands, where oil seepages and gas vents occur 
at several places (P. 198). 

Krinkhwaimau (20’ 19' 30" : 93’ 3'). Small quantities of gas 
and oil are found in several places among the hills between the mouth.s 
of the Kaladan and Kywegu rivers, to the N. E. of the village. The 
oil is burnt extensively in Akyab (P. 199). 

Nataban (20’ 55 ' : 92’ 58'). Burkill has reported the occurrence 
of an oil spring on the Pi Kyaung, not far from this village (P. 199). 

The average annual output of petroleum from this district, 
during the five years 1909 to 1913, amounted to 19,259 gallon.s, as 
against 40,101 gallons in the previous quinqueniiial period. 4bont 
13,000 gallons were produced in 1914, and 12,000 gallons in 1915. 

Kyaukpj 11 ,—Ramri and Cheduba Is. The earliest accouuts of 
the occurrence of petroleum in these islands were given by Foley 
(595—3, 28) in 1835, and by Halstead (742. 21) and Bogle (165 — i) 
in 1841. In Cheduba the oil was collected by the primitive method 
of skimming the surface of pools of water with a slip of bamboo : 
but in Ramri wells were sunk into the oil bearing strata to a depth 
in some cases, of 50 or 60 feet, and the oil percolating into these was 
baled out twice a day. The yield obtained in this way was trifling, 
not more than 6 gallons or so a day from the most productive wells. 
The same methods were still being practised in 1878, when they were 
described by Mallet (1159 — 14, 211), who also gives a list of ad 
the oil seepages known to occur in the islands. 

The mud volcanoes or ‘ salses ’ which also occur in these islands 
were fully described at the same time by Mallet (1159 — 13), and 
shown to have no connection with true volcanic phenomena, 
but to be due to the escape of gas and the lighter hydrocarbons, which 
occasionally takes place with extreme violence. Paroxysmal eruptions 
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of this kind have keen described by Williams (1934, i— 3) ; Russell 
(1686), Hankin (767), Howe (878), Weston (1914) and Mallet (1169-- 
16 ; —22 ; — 26 ; — 34 ; —39 ; —43; —44 ; —47 ; —60). Several more 
recent eruptions have also been recorded by Coggin Brown (211 — l ; 
-4; -6; -7). 

The rocks are almost always highly inclined or vertical, often 
exhibifing an abrupt variation in strike. They appear to form . a 
single series consisting of shales and sandstones, with limestones in 
which numinulites have been detected at one or two places. A 
consideration of the facts has led Pascoe (see La Touche, 1034 — 39, 
98) to the conclusion that the rocks are thrown into closely com- 
pressed folds, and that the crests of the anticlines have been suffi- 
ciently denuded to leave an uninterrupted series of steep dips. The 
sinuosity of strike is accounted for by the supposition that a predo- 
minant system of N. N. W. — S. S. E. folds has been impressed upon 
a previously existing E. — W. system. The distribution of the gas 
vents, which presumably mark the position of anticlinal crests, indi- 
cates that five distinct folds occur on a cross section of Ramri T. 
(P. 185). 

Oil is obtained from two fields, both situated in Ramri I. : — 

Mimbyin or Yenandaung (19° 12' : 93° 39'). Several wells were 
drilled here by the Australian and Baronga Oil Cos. about the year 
1880 (see Robertson, 1499, 230) ; but the yield, though at first en- 
couraging, gradually diminished and the industry is now in the hands 
of the natives, who have adopted a simplified form of the Canadian 
system of drilling. The productive wells lie along two parallel 
bands about 300 yards apart, probably corresponding to the position 
belcSw ground of a single oil sand, situated on either side of a denuded 
anticli)ial crest. The bidk of the oil is obtained from depths between 
250 and 300 feet. The average production of each well is probably 
less than 2 gallons a day. About 400 have been drilled, but nearly 
300 of these have been abandoned (P. 190). 

Ledaxjng (19° 5' 30" : 93° 47'). The oil occurs here on two 
parallel lines as in the Minbyin field. Fifteen or twenty wells have 
been drilled to a depth of probably not more than 100 feet (P. 192). 

The Minbyin oil is darker in colour and heavier than that of 
Ledaung, having a specific gravity of 0'880 as against 0-756. An oil 
of intermediate grade, sp. gr. 0-802, occurs at Kyaukpyauk (19° 16' ; 
93° 36' 30"). The oil is very pure, contains little paraffin, and is 
used locally in its crude. state (P. 191). 

The production of these oil fields, never very large, has gradually 
declined in late years. For the five years 1904 to 1908 the average 
was 59,972 gallons, and in the succeeding quinquennial period 36,027 
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gallons annually. In 1914 tlie output fell to 25,987 gallons, and 

again to 23,220 gallons in 1915. 

II. BURMESE oil belt. 

ChindHin (Lower).— Bawcibin (22° 37' : 94° 42'). An asymme- 
tric anticlinal fold, forming the Mahodaung range of lulls, h^ been 
traced in an almost due N. and S. direction from near Kin (22° 47' 
30" : 94° 43') on the Chindwin, to the neighbourhood of Nyaung- 
binhl£ (22° 19' ; 94° 41' 30"), a distance of about 45 miles (Dalton, 
409 , 617). The rocks consist of limestones and limestone conglome- 
rates, probably belonging to the Pegu series, and are highly inclined 
or vertical to the east of the crest line, which runs along the eastern 
flanks of the range. Seepages of oil, in some cases accompanied by 
gas, occur in twelve of the streams draining the eastern slopes. Two 

wells drilled by the Burma Oil Co. close to the crest failed to meet 

with oil in paying quantities (P. 141). ' 

Taunodwin Kyaung (22° 41' : 94° 22'). An oil well and hot 
spring are marked in this position on the quarter inch Frontier map 
of Burma (P. 146). 

Cbindwiii (Upper).— Oil seepages, apparently situated on the same 
structural line as the Taungdwin spring, are reported by Noetling to 
occur at Indin (23° 1' 30" : 94° 7') and Yenatha (23° 12' 30" : 
94° 14'). Gas and oil were also seen issuing at Yenan vileage 
(23° 57' : 94° 32') from an anticlinal fold in the ‘ Prome stage ' of the 
Pegu series (P. 146). 

Heiizada. — Stuart (1723 — 9, 259) discusses the prospects of ob- 
taining petroleum in this district, and calls attention to the fact that 
the upper members of the Pegu series, which constitute the chief 
petroliferous horizon in Upper Burma, are absent. Several groups 
of mud volcanoes occur in the district, but according to Stuart, they 
are all situated on faults, not on the crests of folds. Tlie gas issuing 
from the vents is apparently derived from underlying nummulitic 
beds. No oil is associated with it. 

Traces of oil were reported by Blanford (see Theobald, 1763 — 1«. 
346) to occur at Yenandaung (18° 12' : 95° 11') ; but Theobald and. 
Stuart found only a copious discharge of gas at this locality (P. 177) 

Magwe.— Migyaung^-Kyundaw anticline (19° 52' : 95° 11'). Sur- 
veyed by Sethu Rama Rau (see Hayden, 793 — 28 , 78) in 1911. The 
anticline is approximately symmetrical, with shallow dips ranging 
from 10 to 25 degrees. The Pegu beds are continuous with those of 
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the Minbu oil field. Conditions for the accumulation of oil are 
regarded as favourable. 

Ondwe (20° 6' 30" ; 95° 11'). An inlier of Pegu beds was dis- 
covered and mapped by Sethu Rama Rau {see Pascoe, 1369 — 8) in 
1909. The beds form an elliptical area about 4 miles in length and 
Ij mile broad, at the centre of an anticlinal dome. The prospects 
of obtaining oil here are considered favourable, though no seepages 
- were found (P. 138). 

Wetchok-Yedwet anticline (20° 26' : 95° 16'). This inlier of 
Pegu beds has been fully described by Pascoe (1369 — 7), The 
outcrop is about 14J miles in length, with a maximum width of 4| 
miles. The dips are low, and tlie thickness of beds exposed not 
nlore than 300 feet. The structure is considered to be eminently 
suitable for the storage of oil, but no seepages were observed (P. 137). 

YENANGVAtTNG (20° 27' 30" : 94° 55'). The oil field known by 
this name is situated about 2 miles to the E. of the Irrawaddy R. at 
Yenangyaung. The inlier of Pegu beds, of which it forms the centre, 
is about 6 miles in length., with a maximum width of a little over a 
mile, but the productive area does not cover more than 1| sq. mile. 
The beds form a symmetrical, elongated dome, the longer axis of 
which lies in a N. N. W.— 8. S. E. direction, but indications exist of 
an earlier, transverse system of folds, which causes some irregularity 
in the pitch of the anticline at more than one place. Faults of 
small throw, connected with this double system of folds, are 
numerous, but do not affect the productiveness of the field (P. 66). 

The “ earth-oil ” industry hero, under Burmese rule, was vested 
in the hands of 24 families, known as Twinzayos, whose operations did 
not extend to a greater depth than about 300 feet ; the supply being 
drawn from three, or perhaps four oil sands, lying at depths of ap- 
proximately 80, 150, and 220 feet from the surface (Noetling, 1311 — 
27, 111). The oil sands are reached by timbered shafts, 4 or 5 ft. 
square, from which the oil is baled out in earthen jars or in wicker 
baskets covered with lac. Particulars of the method of sinking the 
wells, the conditions of tenure and of labour, with estimates of the 
number and yield of the wells, hjive been given at various times by the 
following writers : — 

(i\r.B. — The viss =3-65 lb., and 100 viss are taken as equivalent 
to 42 gallons.) 

1795. Symes (1788—1, 441 ; — 2), Estimated output 90,900- 
tons. Describes the topographical features of the 
locality. 

1797. Hiram Cox ( 382 ). A very complete account of the 
industry. Estimated number of wells, 520. Total 
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production, 66,940,000 viss, =23,914,800 gallons. These 
figures are probably overstated. 

1826. Crawfurd (386 — 3 , 53). Maximum number of wells, 
400. Average yield of each, 230 viss, =97 gallons. 
Total yield, calculated from the average number of 
boats engaged in the oil traffic, 17,668,000 viss, = 
7,378,560 gallons. Another estimate, calculated from 
the revenue derived from the wells, amounts to 
22,000,000 viss,= 9,240,000 gallons. 

1855. Yule (1987 — 4 , 19). Number of producing wells, about 
130. Total annual yield estimated at 7,164,000 viss, 
=3,004,680 gallons. 

1865. Oldham (1326 — 17 , 312). Two estimates of the total 
yield are given. The first, on the assumption that 200 
wells are productive, amounts to 10,260,000 viss, = 
4,309,200 gallons. The second, calculated from the 
number of carts employed in carrying the oil to the 
river, amounts to 4,500,000 viss, =1,890,000 gallons. 

1873. Strover -(1721, 14). Estimated total yield, 6,000,000 
viss, =2,520,000 gallons. 

1879-1881. Noetling (1311 — 9 , 14 ; — 27 , 244). From informa- 
tion supplied by one of the Burmese Ministers to the 
Chief Commissioner, it appears that there were at thi.s 
time 264 productive wells at Yenangyaung, and that 
the monthly yield was 386,000 viss, or 4,632,000 viss, 
=1,945,440 gallons annually. 

1884. Romanis (1511 — 8). No estimate of the total yield is 
given, but it is said that 130 cart loads of 150 vi,ss each 
represent the accumulation of five days’ working. As 
compared with the estimate calculate on a similar 
basis by Dr. Oldham, this would mean a considerable 
reduction in the total output. 

1889. Noetling (1311 — 1). An elaborate analysis of the re- 
cords of production of each native well, preceded by 
remarks on the geology and physical characters of the 
field. The number of productive wells is stated to be 
281 ; and the maximum daily output from all the wells 
is estimated at about 20,000 viss, =8,400 gallons. 

Statistics quoted by Noetling (1311 — 27 , 244) and Pascoe (1369 — 
11, 76) show that the production from native wells gradually in- 
creased from about 2| million gallons in 1888 to 8| million gallons in 
1900. During the next eight years there were slight fluctuations in 
the output; but since the year 1908 there has been a rapid decline, 
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maiaty owing to the sale by the Twinzayos of their well sites to drill- 
ing companies. The use of a simple form of diving dress, which 
enables, the well sinkers to work in the atmosphere of gas at the 
bottom of the wells, and to carry them to depths of more than 400 
feet, accounts for the increase in production in previous years. 

The operations of the Twinzayos are confined to two separate 
petroliferous tracts, covering respectively 295 and 165 acres, and lying 
to the north and south 6f the centre of the anticlinal dome, near the 
villages of Twingon and Bem^. Their rights had been recognised by 
Government on the annexation of Upper Burma in 1886, and the 
exploitation of the field by means of drilled wells, begun by the 
Burma Oil Co. in the following year, was at first restricted to the area 
known as Khodaung, lying between these reserves. At the time 
of Noetling's survey few of the drilled wells had penetrated below 
the oil sand worked by the Twinzayos, and the deepest of them 
yielded no oil. though it was carried to 1,011 feet. From 1896 on- 
ward, however, rich supplies of oil were obtained from other wells 
over 700 ft. in depth, and since then the development of the field has 
proceeded without interruption. The existence of productive sands 
has been proved to depths of over 2-,000 feet, but these have as yet 
been only slightly di’awn upon. In addition to the Buima Oil Co., 
four other companies are now engaged in drilling on the Twingon 
and Bem6 reserves, having purchased sites from the native owners. 
Their advent has resulted in a race for the deeper oil sands, which ia 
not in favour of a systematic exploitation of those lying nearer the 
surface, and has in some cases led to their permanent injury by flood- 
ing them with water. Steps have been taken, by the appointment 
of a Warden of the oil fields, assisted by an Advisory Board nominated 
by the Companies, to mitigate as far as possible these and other evile 
due to excessive competition (see Holland, 859 — 71 , 48). 

Accounts of the development of the petroleum industry under 
modern conditions have been given by Davidson (429) and Cholmeley (312). 

The earliest scientific accounts of the nature and properties of 
Yenangyaung petroleum, or ‘ Rangoon Tar ’ as it was called, were 
pubhshed in 1831 by Christison (815) and Gregory (705). From the 
crude oil a crystalline substance was obtained, to which the name 
' petroline ’ was given. This -was afterwards recognised by Christison 
(815, 123) as identical with ‘ paraffin,’ previously described by Reichen- 
bach. Further investigations regarding the characters and chemical 
composition of the crude petroleum have been carried out by the 
following observers : — 

1856. de la Rue and Muller (468). In addition to 10 or 11 
per cent., of paraffin, the oil was found to contain the 
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hydrocarbons Benzene (CgHe), Toluene (C7 Ha), Xylene 
(CgHio). Cumene (Cg H12). 

1861. Torohnson (1790, 299). A brief summary of informa- 
tion regarding the nature and properties of the crude 
oil. 

1866. Warren and Storer (1890). Results of the fractional 
distillation of a sample of Burmese petroleum. The 
following constituents were isolated : — Rutylene (Cgg 
H20). Margarylene (C22H22). Laurylene (C24H24), Coci- 
nylene (C26H2C). and Napthalene (C20 Hg). Indica- 
tions of the presence of Pelargone, Xylene, and Isocu- 
mene were also detected. 

1891. Holland (859—3, 251). Results of analyses- of 8 samples 
of the crude oil : — 


— 

Depth of 
well 
feet. 

Specific 
gravity at 
00^ F. 

Proportion of 
illuminating 
oil, approx. 

Flashing point 
of illuminating 
oil. 

A» Khodaung 

727 

0-8852 

15 percent. 

74" F. 

B. * „ . , 

727 

. , 

14 

»> >» 

76“ „ 

C. „ , , 

359 

0*889 

14 „ „ 

73" „ 

D. Twino 6 n . 

310 

0-873 

! n „ „ 

76" „ 

E 

196 

0-875 

18 „ „ 

76" „ 

E 

! 280 

0-882 

M )>» 

74" „ 

0 . Bem^ 

100 

0-897 

j 

very small 
quantity. 


H, „ • . . 

100 

0-902 1 

1 

7 

' >> ji 

79" „ 


All the samples contained large quantities of solid hydrocarbons. 
Four contained free sulphuretted hydrogen, and varying, though 
small, amounts of sulphur were found in all. 

1894. Engler (549). Samples from Khodaung and Twingon 
gave the following results on distillation : — 


1 

Khodauxg 

1 TwinqOn. 

Percentage 
by volume. 

Sp. Gr. 

1 

Percentage 
by volume. 

Sp. Gr. 

light oil - . 

4*3 

0-755 

5*5 

0-765 

Illuminating oil 

38*8 

0-849 

38-8 

0-843 

Lubricating oil and para- 

50-4 


48-7 

0-888 

fiin wax* 


0-896 j 
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The oils are said to consist chiefly of the C Hjo group, with 
only small quantities of napthenes. 

The crude oil is usually of a dark green colour by reflected light# 
and reddish brown by transmitted light. It possesses a decidedly 
aromatic odour. The shallower sands produce a heavy oil, valuable 
as a lubricant, of sp. gr. 0-95 to 0-98 ; but the specific gravity decreases 
with depth to as low as 0-80. Formerly the heavy oil was in consider- 
able demand, under the name of ‘ i^ngoon oil,' for cleaning small 
arms. ‘ It was also imported by Messrs. Price & Co. for the manu- 
facture of candles {see Barlow, 76). The paraffin wax, which exists in 
the oil in the proportion of 12 to 14 per cent., is now extracted at 
the refineries in Rangoon, and largely made into candles on the spot. 

The average annual production of the Yenangyaung oil field, 
during the five years 1909 to 1913, amounted to 181,772,785 gallons, 
or nearly double the average of the previous qtunquennial period, 
which was 93,856,622 gallons. In 1914 the output amounted to 
174,981,799 gallons, and in 1915 there wah an increased production of 
198,809,315 gallons. 

Meiktila.— LebVa (21° 0' : 95° 33' 30"). A dome-shaped inliet 
of Pegu beds here has been examined and mapped by Cunningham 
Craig, and a shallow well was drilled by the Burma Oil Co. without 
finding oil (P. 138). 

^ A. 

IHinbu. — Minbu (20° 11' : 94° 53'). Close to the town of Minbu, 
the crest line of an acute anticlinal fold is marked by a group of mud 
volcanoes and gas pools, which appear to be situated upon a fault 
crossing the fold obliquely at this point. Descriptions of these 
phenomena were given by Oldham in 1855 (1326—17, 339) and by 
Noetling (1311 — 27 , 81), who has recorded in minute detail the 
character of each of the vents, and the changes in them that took 
place during an inteival of seven .years, between 1888 and 1895. 
Small quantities of petroleum are usually mixed with the mud and 
water ejected from the vents. 

The acute flexure has been traced in a S. S. E. direction from a 
point about 2 miles to the N. of Minbu, — ^where it disappears under 
a covering of alluvium, — for a distance of about 14 miles to the south 
•of the town. Beyond this, the arch flattens out and becomes merged 
in a brdad expanse of Pegu beds. Towards the south the fold be- 
comes doubled, a subsidiary fleifure being developed along tfie eastern 
side of the crest. The main flexure is a8)rmffletric, slightly over- 
folded on the eastern side, and very narrow in proportion to its 
length, so that the area in the immediate vicinity of the crest available 

413 2 D 2 





for the storage of oil is strictly limited. The crown of the arch has 
been deeply denuded, and the removal of the ' cover ’ has not only 
permitted much of the oil to drain away from the sands, but has also 
caused these to become flooded with water (P. 149). 

In a recent paper (154 — 6), Bleeck has discussed the evidence 
afforded by a number of test wells sunk at various points along the 
flexure. These have shown that the prospects of obtaining an abund- 
ant supply of oil are not promising, owing to the contracted nature 
of the oil pools, the barrenness of many sands which appear to be 
favourably situated for the storage of oil, and the heavy asphaltic 
character of the oil itself, which causes it to mix readily with water. 
It is probable that the cpiantity of oil primarily existing in the strata 
comprised in this field was not large. 

The production from the Minbu oil field rose from 18,320 gallons 
in 1910 to 3,896,365 gallons in 1912. Duiing the succeeding three 
years, the average production has amounted to 2,399,236 gallons 
annually. 

Ngahlaingdwin (20° 41' 30" : 94° 25'). An oil seepage and 
two Burmese wells are situated about 3 miles to N. by W. of the 

village, on the crest of an asymmetric anticlinal fold, which at this 

point pitches steeply to S. S. E. In this case, the western liml) 
of the anticline shows a steeper dip than the eastern. About 9.000 
feet of Pegu beds are exposed on the eastern side of the crest (P. 148). 

Another oil seepage occurs about 3| miles to S. W. by W. ot 
Ngahlaingdwin. and half a mile E. of the Nwamadaung range. The 
rocks here are probably of nummulitic age (P. 149). 

Ngaj'E (20° 4' : 94° 30'). A large area lying to the E. of the 

town, occupied partly by beds of the Pegu series, and partly by the 

underlying Eocene formation, has been described by Cotter (372 — 6). 
No indications of an anticlinal structure were observed, but oil 
seepages were seen at three places. Two of these, near Pein- 
HNEBiN (20° 5' : 94° 34'), issue, below the boundary of the Eocene 
rocks with Ihe Pegus ; and the third from Pegu strata near Kyet- 
u-BOK (19° 59' : 94° 40')! The prospects of oil being found in 
paying quantities in this area are very poor (P. 168). 

Myingyan.— Gweoyo (20° 48' ; 95° 4'). An inlicr of Pegu 
beds, forming the Gwegyo hills, was surveyed in 1897 by Grimes 
(712, 68), and found to consist of a long, narrow anticlinal fold, 
probably asymmetric, and dislocated by a fault or series of faults 
along a line nearly coinciding with the crest. The northern part 
of the anticline has since been described in greater detail by Pascoe 
(1369—3), and the southern by Cotter (372 — 4), The inlier is 
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about 23 miles in length, with a maximum width of miles. Ex* 
cept at either extremity of the inlier, in the north near Tetma, and 
in the south in the area known as the Payagyigon-Ngashandaung 
oil field, the faults have entirely obliterated the eastern limb of the 
fold. Any attempt to explore the central part of the inlier by 
drilling would therefore be admittedly speculative, since it is im- 
possible to determine beforehand the position of any portion of the 
subterranean arch that may Jvave remained unaffected by the faults. 
Test wells drilled in the Tetma and Payagyigon-Ngashandaung areas 
have shown disappointing results, though one well in the latter area 
yielded 10 barrels of oil in the first 24 hours (P. 124). 

Kabat or Sattein (21° 3' ; 95° 19'). The structure of an inlier 
of Pegu beds, lying to the E. of the village, has been described in a 
special report by Pascoe (1369—1). The beds are brought up by an 
asymmetric anticlinal fold, the eastern limb of which has the steeper 
dip. The crest line runs in a N. N. W.— S. S. E. direction about half 
a mile to E. N. E. of Kabat. Three tost wells drilled by the Burma 
Oil Co. met with gas under considerable pressure and a slight show 
of oil in one well. Indication^ of a second anticline arc visible to 
the east of the Kabat fold (P. 134). 

Pagan (21° 10'; 94° 56'). Crimes (712, 06) has described a 
Pegu inlier forming a range of hills extending from a point about 
5 miles S. E. of Pagan for about 14 miles to S. S. E. The anticlinal 
fold which brings up these beds is probably a continuation north- 
wards of the Gwegyo anticline, and exhibits a similar structure, 
being asymmetric and faulted along the crest line. No seepages of 
oil have been observed. Two test wells drilled by the Burma Oil 
Co. were without result (P. 134). 

SiNGtr (20° 56' 30" ; 94° 54'). This oil field is formed by a 
prolongation southwards of the Yenangyat fold (see Pakokkn, belm), 
and corresponds to a distinct rise in the Crestline of the anticline, 
which reach^ a maximum near the hill Moksoma Kon, about 2J 
miles to S. S. W. of the town. Grimes (712, 53) considered the 
conditions existing here to be very promising. A rich oil sand has 
been met with in the neighbourhood of the maximum elevation of 
the crest at depths between 1,400 and 1,460 feet, and at greater 
depths in adjoining areas. A second oil sand has been proved at a 
depth of 1,800 — 1,900 feet, but has hitherto been little worked, beii^ 
treated by the Burma Oil Co. as a reserve source for their refineries 
if. 114). 

The average annual production from this oil field, during the five 
years 1909 to 1913, was 47,888,382 gallons. During the two succeediug 
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years the output lias increased from 73i409,518 gallons in 1914 to 
77,005,880 gallons in 1915. 

Taungtha hill (21° 18' : 95° 30'). An inlier. of Pegu beds, 
forming a range of hills about C miles in length culminating in 
Taungtha hill, has been described by Cotter (372 — 3 ). The struc- 
ture consists of an elliptical dome, strongly asymmetric, with steep 
dips on the western side, and seriously dislocated by faulting and 
contortion. There are no smface indications of petroleum. The 
prospects of obtaining oil by drilling* are considered to be very 
poor. 

Welauno (21° 9' : 95° 26'). This anticline lies 6^ miles to 
E. N. E. of the Rabat fold. A deep boring was put down by the 
Burma Oil Co. without result (P. 137). 

Pakokkii. — A range of hills on the west side of the Yaw R. 
probably corresponds with an anticlinal fold extending due N. and S. 
for many miles. Oil seepages have been leported to occui' near 
the villages of Man (21° 23' : 94° 19' 30"), Yecyu (21° 34' 30" ; 94° 
24'), and Kyin (21° 38' : 94° 19'). .These areas are too far from 
the known oil belt and too close to the axis of the Yoma range to 
be of much value (P. 140). 

Kyauksw^i (21° 9' : 94° 15' 30"). Dalton ( 409 , 615) mentions 
the occurrence of gas vents to the S. E. of the village, in beds con- 
taining much carbonaceous matter (P. 140). 

Kyaukwkt (21° 40': 94° 44') and Buwin (21° 41': 94° 41'). 
Oil seepages occur near these villages, on an anticlinal fold bearing 
the same relation to other tectonic lines as that of Yenangyat-Singu. 
There is said to be considerable disturbance of the strata, and the 
prospects of obtaining oil are not good. Parts of the area have 
been tested by the Indo-Burma Petroleum Co. (P. 139). 

Myaing (21° 37' 30" : 94° 54'). An inlier of Pegu beds has been 
traced by Cotter from Thetkegan, 2 miles W. of Myaing, for a dis- 
tance of 9 miles to S. 8. E. The structure is said to^be similar to 
that of the Gwegyo anticline. Several gas pools and oil seepages 
were found in the central portions of the area (P. 1^8). 

SHiNMAmvNG (21° 34' 30": 95° 9'). According to Hallowes, 
three Burmese wells sunk near the volcanic hills in this neighbour- 
hood are said to have yielded oil. A deep boring put down by the 
Burma Oil Co. was not successful (P. 138). 

Yenanoyat' (21° 6' : 94° 61'). The occurrence of oil seepages 
near Yenangyat was noticed by Oldham (1236 — 17 , 320) in 1855; 
but the oil was apparently neglected by the Burmese, 'for Noetliug 
(1311 — 27 , 170) says that the construction of pit wells was not begun 
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till some years later. The total length of this inlier of Pegu beds 
is about 39 miles, and the maximum width 3J miles. The general 
direction is from N. N. W. to S. S. E., corresponding with that of a 
narrow range, the Tangyi hills, which for the greater part of its 
length lies close to the western bank of the Irrawaddy, and is steeply 
scarped on the side facing the river. 

The geology and structure of the central and southern portions 
0 ^ the inlier, comprising the Yenangyat and Singu oil fields, — the 
latter (noted above) situated in the Myingyan district on the eastern 
side of the river, — have been described by Grimes (718), and that 
of the northern portion, lying to the west of Sab] 6 (21° 17' ; 94° 
48'), by Cotter (372 — 5). The rocks form a strongly asymmetric 
anticlinal fold, the eastern limb of which is highly inclined or 
vertical and in places inverted, while the western is inclined 
generally at an angle of about 20 degrees. The elevation of the 
crest line undulates in a direction tian.sver.so to the anticlinal axis, 
rising to a maximum three times as the fold is traced from S. to N.; 
these crest maxima coinciding with the three productive oil fields 
of Singu, Yenangyat, and Sab4. 

The effect of the asymmetry of the fold on the position of the 
subterranean oi], pools with regard to the crest lino, and its bearing 
upon the correct location of well sites, has been discussed in a special 
paper by Pascoc (1369 — 2), who has shown that in consequence of 
the hade westwards of the “ crest locus ” the productive oil sands 
do not lie vertically below each other, as at Yenangyaung, but that 
the deeper oil pools will be found at a progressively greater distance 
to the w^est of the visible crest. No oil has been obtained from the 
eastern side of the crest line, except in small quantities from shallow 
hand dug wells. 

The oil from Yenangyat and Singu contains a higher proportion 
of the lighter hydrocarbons than that from Yenangyaung. Primary 
stills for the elimination of the more dangerous constituents have been 
erected at Singu, and are connected with the Yenangyat field by a 
pipe line (P. 101). 

The production from the Yenangyat. oil field has never reached 
very large proportions, and though tlm initial yield from some of 
the wells has been considerable,— as much as 30,000 gallons in 24 
hours in one case,— a rapid decline usually sets in, and within a 
fey months pumping has to be resorted to. Beginning with 118,409 
gallons in 1893, the production from drilled wells reached a maximuia 
of 22,631,722 gallons in 1903. Since that year it has greatly fallen 
off, the average annua! production for the five years 1909 to 1913 
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being 5,183,686 gallons; while in 1915 the output amounted to 
i, 099, 345 gallons. 

Since the year 1908, when the laying of a pipe line 276 miles in 
length from Yenangyaung to Rangoon was completed by the Burma 
Oil Co., all the producing fields belonging to this Company are con- 
nected directly with their refineries in Rangoon. 

Prome. — According to Stuart (1723 — 5), the occurrences of petro- 
leum in this district are confined to the Kama clays, or uppermost 
member of the Pegu series. Oil seepages have been reported to 
occur at the following localities, at each of which test wells have been 
drilled by the Burma Oil Co. without result (P. 176) : — 

Namayan (18° 45' : 95° 16'). Oil and gas vents occur on the 
line of a large fault. There is no anticlinal structure. 

Padaung or Kayinzg (18° 44': 95° 14'). Oil issues from the 
base of the Kama clays. 

Taungbogyi (18° 46' : 95° 4' 30"). Oil was reported by Theobald 
(1763-115 ; — 16, 349) to issue from nummuhtic strata exposed on 
the Mahu Kyaung, 3 miles above the village. A well sunk in the 
bed of the stream by a Chinese trader is said to have yielded 2 
gallons of oil a day, but the supply' soon ceased. 

ZiAiNG or Tiiingan (18° 52' 30" : 95° 10')_. Oil occurs on the 
same horizon as at Kayinzu, close to a fault. 

Indications of oil have also been reported to occur at a spot 
about 23 miles to the E. of Prome, between Paukkaung (18° 54' : 
95° 33') and the range of lulls immediately to the west (P, 178). 

Shwebo.— K yunhlA (23° 23': 95° 22'). Wells sunk in this 
neighbourhood are said to have yielded a good quality of oil, but 
they have been abandoned on account of the unhealthiness of the 
place (P. 147). 

Thayetmyo. — A gkmanetn (19° 14' : 94° 59'). Oil is reported by 
Stuart (1723 — 6) to issue from Kama clays near this place during 
the wet months. All the beds dip eastwards, and the structure is 
very unfavourable for the accumulation of oil in quantity (P. 172). 

Bambyin (19° 26' : 96° 4' 30"). Several oil seepages were ob- 
served by Theobald (1763—15, 121 ; — 16, 348) in the bed of a 
stream about a mile above the village. The oil issues from Kama 
clays, according to Stuart (1723 — 6, 273), forming an asymmetric 
anticline with steep dips on the north. Small quantities of oil 
have been obtained from shallow wells_, and four test wells drilled 
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by tbe Burma Oil Co., met with oil and gas, but not in paying quan* 
4iities (P. 171). 

■ Kama (19° 1' 30" : 95° 9'). Oil has been reported to occur to 
the S. of the town, and indications of an escape of natural gas have 
been observed in the neighbourhood (P. 176). 

IlNGA (19° 41' : 94° 59') and Monat Kon (19° 47' 30" : 95° 11' 
30"). Seepages of oil are reported to occur at these places (P. 169). 

Mindt5GYI-Kyawdo anticline (19° 45' : 95° O'). This anticline 
has been mapped by Sethu Rama Ran (see Hayden, 793 — 26, 78), 
The fold is symmetrical, with shallow dips ranging from 10 to 25 
degrees. Oil seepages occur in places, and the prospects of obtain- 
ing oil are regarded as decidedly promising (P. 169). 

Pabaukpin (19° 22' : 95° 8'). The rocks hero exhibit the same 
character and structure as at Barabyiu. The occurrence of oil has 
been recorded by Theobald (1763 — 10, 73; —16, 347) and Romanis 
(1611 — 9). The latter observer says that seven wells had been dug, 
one of which yielded about one barrel of oil monthly. The locality 
has also been described by Robertson ( 1499 , 232), who says that 
three oil sands occur within 500 feet from the surface, but that oil 
is found only in limited quantities. Test wells drilled by the Burma 
Oil Oo. met with gas and oil, but the prospects were not encourag- 
ing ;p. 170). 

Pyalo (19° 9' : 95° 14'). A group of mud volcanoes is situated 
to the S. of thc~villago, on a N. W. — S. E. anticline. A. shaft sunk 
to a depth of 95 cubits by Messrs. Jamal Bios., met with no oil 
(P, 173). 

Tagaing-Sinmadaung anticline (19° 49' 30" : 95° 2'). According 
to Sethu Rama Rau {see Hayden, 793 — 26, 78), this anticline is 
asymmetric on the north and symmetrical on the south, but the dips 
arc very high, and the prospects of obtaining oil are regarded as poor. 

Thabyemyaung (Tiietkemyaung, 19° 47' ; 94° 48'). A N. W. 
— 8.- E. anticline, the crest of which is marked by hot springs and 
mud volcanoes, is recorded by Dalton (409, 611). The rocks are 
probably of Oligocene age (P. 169). 

Yenanman (19° 46' 30" : 94° 50' 30"). Small ‘ shows ' of oil 
have been met with in test wells drilled by the Burma Oil Co. Mud 
volcanoes occur at Yegubwet, 4 miles, to the W. of the village 
(P. 169). 

« 

Toungoo.— S hanl6byin (19° 29' : 96° 32'). Bleeck has reported 
the occurrence of an oil seepage close to the village (P. 178). The 
locality lies far to the east of the main Burmese oil belt. 
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Kohat.— Panoba {33° 37' ; 71° 68'). The existence of petroleum 
in the neighbourhood of Kohat is mentioned by Burnes (835—7) 
and Wood (1958 — 2, 144) but the precise localities are not stated. 
Lyman (1112— i, 34) described the oil at Panoba as issuing from 
figures in an overfolded anticbne of numniulitic limestone ; but 
Griesbach (708—21, 101) says that there is no trace of anticlinal 
structure here, but that the oil issues from joints in the rocks ad- 
joining a fault. The maximum yield was about 2 quarts daily 
(B. 130). 

.According to Pascoe (see Hayden, 793—31, 23), the seepages 
occur on the pitch of a well developed anticline, the crest of which 
has been deeply eroded. 

8hirani.-MouHAL Kot (31° 27' 30" : 70° 8' 30"). Vigne 

(1846 — 3, 61), writing in 1840, states that a mineral oil was brought 
to him from a locality near the Takht-i-Suleiman, A\'. of Draband 
which is probably to be identified with Moghal Kot. An account 
of the properties of the oil, contributed by Solly, is given in a foot, 
note. It had a sp. gi'. of 0’8491, was fluid at 60° F., and ignited at 
a temperature between 200° and 300° F. The presence of solid 
bituminous matter dissolved in the oil was noted, and clear li(]uid 
naphtha of sp. gr. 0'8168 was obtained from the crude oil by distil- 
lation. 

■ In the year 1889, .samples of oil from Moghal Kot were sent to 
Calcutta, and wore examined by Dr. Warden, who pronounced them 
to be of excellent quality. A brief report on the locality was made 
in 1891 by Oldham (1324—35), and in the following year further 
details were given by La Touche (1034—19). The oil oozes at 
several spots from a band of sandstones exposed in a narrow, 
gorge, about a mile to the W. of the village. , The rocks dip steadily 
eastwards, forming the greatly eroded eastern limb of a very large 
anticlinal fold, the crest of which forms the Takht-i-Suleiman 
range. Along the line where the petroleum springs issue, there 
appears to be a slight twist in the strike of the rocks, which has 
probably determined the escape of the oil at this particular spot. 
No oil was observed elsewhere in the sandstones, which are well 
exposed to the north and south of Moghal Kot. The prospects of 
obtaining oil in paying quantities are therefore not promising. 

Analyses of samples of the oil, carried out ^ Holland (859 — i ; 
— 7) in the Geological Survey laboratory, show that the crude oil 
has a sp. gr. of about 0’820, and* contains about 80 per cent, of 
‘ water white ' illuminating oil with a flashing .point above 73° F. 
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and sp. gr. 0'810. The oil also contained about 8 per cent, of eolid 
paraffin. 

PUNJAB. 

Attock.— Khaub (33° 15': 72° 31'). An output of 250.000 
gallons of oil, from wells drilled by the Attock Oil Co., is reported for 
the year 1915. The oil occurs at a horizon considerably higher than 
that at which it has been found in Burma, and the structure is 
said to be highly favourable to the accumulation of petroleum over 
an extensive area {see Hayden, Rec. Qeol. Survey, India, Vol. XLVII,- 
23, 162). . ' 

In the year 1870 a report on tlie occurrenees of petroleum in 
the Punjab was drawn up by Lyman (1112 — i), in connection with a 
project, soon afterwards brought into operation, tor lighting the 
town of Rawalpindi with gas derived from tiro oil. The report 
deals only with the indications of oil visible at the surface, and 
no exploratory work was undertaken. The oil usually occurs at or 
about the horizon of the upper mimmulitic limestone, in strata that 
have been subjected to violent folding and dislocation by faults. 
The presence of the latter and the effects of denudation, which has 
in most cases removed tlic crests of the anticlines, account for the 
existence of numerous seepages, but are decidedly untavourable to 
the. retention of oil in any considerable quantity below ground. 'The 
area at Khaur, noted above, is the only one yet discovered in which 
these adverse conditions seem to be absent. 

Seepages of oil are reported by Lyman and others to occur at 
the following localities. Some of them have recently been visited 
and reported on by Pascoe {see Hayden, 793 — 3i, 22). (The page 
numbers refer to Lyman’s report) 

Boraei (33° 34' 30" : 72° 36' 30"), p. 29. An accumulation of 
about 6 cub. yds. of asphalt and earth saturated with bitumen was 
seen by Lyman, with an insignificant amount of oil (B. 130). 

Chharat (.33° 35' : 72° 37'), p. 26. Several oil seepages occur, 
lying, according to Pascoe, on the crest of an E. — W. anticlinal fold, 
which is sharply bent and deeply eroded. The prospects of obtain- 
ing oil in commercial quantity are very poor (B. 130). 

Chak Dalla (33° 39' : 72° 26'), p. 31. Two small accumulations 
of asphalt were noted by Lyman. Pascoe describes the rocks as con* 
sisting of hard massive nummulitic limestone, folded into a narrow 
anticline and so deeply eroded that very little of the crest remains. 
The prospects of obtaining oil are not good (B. 130). 

Gunda or SuDKAL (33° 35': 72° 41'), near Fatehjang, p. 20. 
Three oil seepages occur here, issuing, according to Pa8ooe> 
from nummulitic beds folded into narrow and deeply denuded 
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anticlines, separated by 'equally narrow synclines. The geology of 
the locality has also been described by Wynne (1976—9), and the 
prospects of obtaining oil in quantity discussed. Several wells and 
borings had been put down, and yielded on the average about 2,000 
.^llons of oil annually, which was used in Rawalpindi for gas 
making. In recent years the combined output of these springs, and 
of those at Jaba in Mianwali, has varied between 800 and 1,700^ 
gallons annually (B. 131). 

Jafar (33° 33' : 72° 36'). A boring put down here in 1869 is 
said to have met with a slight show of oil. Pascoe remarks that 
the structure is -unfavourable, and that it is very doubtful whether 
oil was found, as reported (B. 130). 

Landigar (33° 30' : 72° 55'), p. 18. A mass of asphalt, about 
1,000 cub. yds. in extent, was observed by Lyman, with a small 
quantity of oil. The rocks are nummulitic sandstones with a high 
dip (B. 131). 

Sadiali (Sadhewali, 32° 36' 30" : 71° 58'), p. 41. A little oil 
issues from sandstones overlying the nummulitic limestone of the 
Salt Range plateau (B. 128). 

Mian wall.— B ASTI Algag (32° 33' 30" : 71° 22'), p. 36. Deposits 
of asphalt extend at intervals for about a quarter of a mile along 
the E. bank of a ravine, amounting in all to about 550 tons. Flem- 
ing (591 — 5, 265) says that petroleum exudes in considerable quan- 
tities from the rocks, and was collected by passing bunches of grass 
over the surface of the water on which it floats. According to 
Wynne (1975 — 28, 269), the rocks exposed here probably belong to 
the Ceratite (Triassic) group (B. 129). 

Jaba (32° .52' : 71° 44'), pp. 38, 41. Two groups of oil springs, 
known as Chhota and 'Bara Katta, are situated IJ and If mile 
respectively to the S. of Jaba. The locality has been described by 
Fleming (591-3, 689; —3, 347), Wynne (1975—18, 264), and Daru 
(421-1). The oil exudes from crevices in a band of nummulitic 
limestone, which is bent into a flat anticlinal fold. The yield was 
about 6p gallons a month. A boring put down near the springs 
met with a powerful flow of fresh water at 117 feet, which drained 
the natural springs dry, but no oil was found (B. 128). 

Rawalpindi.— Basala (33° 30' 30" : 72° 67'), p. 17. Oil rises 
from a band of shales exposed in the bed of the Sil R. The yield is 
-exceedingly small (B. 131). 

Chirpar hill (33° 30' : 73° O'), p. 16. Oil oozes in extremely small 
.quantity from the roof of a cave on the south side of the hill (B. 131). 
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EAm Hotae (33® 45' : 73® 10' 30"), p. 14. This locality is alluded 
to by Middlemiss (1219 — 17 , 287) as Shah-ki-Nuepue. The water of 
a spring is covered with a fihn of oil, which is skimmed oft and sold 
as a m^icine for sores. The rocks, according to Pascoe, are massive 
nummulitic limestones and Upper nflmraulitic shales, faulted against 
the red shales, etc., of the Murree series, and severely folded. The 
prospects of obtaining oil are said to be unpromising (B. 132). 

' Sydpue (33° 45' ; 73° 8'). A seepage of oil similar in mode of 
occurrence to that at Eatta Hotar is recorded by Middlemiss (1219 — 7i„ 
287). 

Slialipur.— Seepages of oil, in exceedingly small quantities, are 
recorded by Lyman (p. 41) at the following localities : — 

Chinnue, near Mardowal {,32° 30' 30" : 72° 13' 30"). 

Duma, near Khabaki (32° 37' ; 72° 17' 30"). 

Hangush, near Dhauo (? Dhudder, 32° 37' 30" ; 72° 15'). 

' In each case the oil issues from sandstones overlying the nummu- 
litic limestone of the Salt Range plateau. According to Pascoe {see 
Hayden, Records, G. 8. /., Vol. XLVII, 23), the Mardowal and 
Khabaki seepages occur on an open anticline of favourable shape and 
with gentle dips, but the rocks are hard and impervious (B, 127). 

Wynne (1976 — 18, 236) mentions a seepage of a similar kind at 
SuLGi, near Amb (32° 30' 30" ; 71° 59'), on the .southern side of the- 
Salt Range. The oil issues from Tertiary sandstones overlying a 
detached mass of nummulitic limestone. 

A general account of the topography an'd geology of the Punjab 
oil region was published by Lyman (1112 — 2) after his return to 
America. 

PHOSPHATES-IRON. 


ASSAM. 

Sibsagar. — Specimens of ‘ blue earth ' forwarded by Jenkins (938—3) 
from the' banks of the Dikhu R. above Nazira (26° 65' : 94® 48')- 
were found on examination by McClelland to owe their colouration 
•to the presence of vivianite, — phosphate of iron. The colouring 
matter was insoluble in water and oil (B. 420). 

BENOAL. 

24-Pargaaas.— Vredenburg (1854—13) has recorded an occurrence*^ 
of Tivianite, met with in digging a tank at Jamalpue (22° 38' 30" : ' 
88® 45'). The mjneral was found encrusting and apparently partly* 
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re|>lacing logs of wood imbedded in stiff pale blue clay, at a depth of 
about 30 ft. from the surface. '' 


BiHAIM.NO ORISSA. 

Gaya. — La^e masses of trlplite, — phosphate and fluoride of iron 
and manganese, — are mentioned by Holland (869 — 37 , 51) as occur- 
ring in a mica mine situated 2 miles to the S. E. of Singab (24° 34' 
30" : 85° 33' 30"). An output of 10 tons of the mineral during 
the year 1914 has been recorded. 

NEPAL. 

Medljcott (1197 — 39 , 100) mentions the occurrence in the Khat- 
mandu valley of a blue grey clay, through which specks of vivianite 
are freely disseminated. The clay was extensively used all over the 
valley as a manure (B. 420). 


XIME. 

BIHAR AND ORISSA. 

Hazatibagh.— Holland (869—13, 135) in describing the mica- 
peridotite dykes of the Giridih and Kaniganj coal fields calls atten- 
tion to the high proportion of apatite present in these rooks as an 
original constituent, amounting in some cases to over 11 per cent. 
He remarks that the products of decomposition of the rock must 
contribute sensibly to Hie fertility of the neighbouring soil ; but 
that the quantity is not &/ fficicnt to justify raising the mineral for 
economic purposes. 

Apatite occurs abundantly in the mica-bearing pegmatites of this 
district. Holland (859 — 37 , 50) records that, as an experiment 
100 lb. of the mineral were collected from the waste heaps at the 
Lakamandwa mine near Kodarma (24° 28' : 85° 39') by a number of 
boys in seven working hours. Much larger quantities might easily 
be obtained if the work were properly organised. The apatite con- 
tained 76 per cent, of phosphate of lime. 

Singhbhum.— SpecimeYis of magnetite rock from Moosalbali (? Mo- 
SALBONi, 22° 31' 30" : 86° 31') and Pathorgora (? Patholgora. 
22° 32' 30" : 86° 30' 30"), containing patches of apatite up to half 
an inch in diameter and occasionally larger, have been described by 
Permor (677 — 20). It is suggested that the rock, if it occurs in 
any quantity, might be of considerable value in the manufacture of 
.basic steel. 


424 



PHOlSPHATSS'^iail!. 


BOMBAY. 

Beiya Eantha') „ , 

(Narukot). J (677—32, 648) has described a series 

of [ manganiferoas rocks occurring at Jothvad (22° 23' : 73° 47') 
in several of which apatite is so plentiful as to constitute almost a 
quarter or a third of the rock. ’ 

MADRAS. 

Nellore.— Apatite forms one of the prominent accessory minerals of 
tW mica-bearing pegmatites, but is thrown a^vay with the waste from 
the mica mines (862, 283). 

Vizagapatam.— Apatite is a universal constituent of the rocks of 
the kodurite series, according to Ferraor (577—32, 261), and may 
often be extracted in great abundance from the lithomarge resulting 
from the decomposition of the felspar in these rocks. It occurs in 
especial abundance at the manganese mines of Garbham (18° 22' : 
83° 31'), Ramabhadeapuram (18° 30' : 83° 20' 30"), and Devada 
(18° 15' : 83° 38'). 

PONDICHERRY. 

In the course of a survey of the Cretaceous formations of Pondi- 
cherry, Warth (1892—21, 17) observed that at a certain horizon, 
about the middle of the series, many of the organic remains have 
been converted into nodules of rich black phosphate of lime. The 
stratum also contains numerous phosphatic concretions of a light 
brown colour. The bed is exposed on a low ridge to the E. of 
Valudaytje (11° 58' 30" : 79° 46'). Warth estimated that the bed, 
within a depth of 200 ft., contains nodules to the amount of 8 million 
tons ; but the distribution of the nodules is irregular, varying 
between 27 and 47 lb. per 100 cub. ft. in excavations, and 70 lb. per 
100 cub. ft. in shallow worldngs. The nodules contain from 56 to 
69 per cent, of phosphate of lime, with about 16 per cent, of carbo- 
nate. Attempts made to work the deposits, mainly for export to 
Ceylon, have hitherto not 'proved successful (862, 283). 

PUNJAB. 

Jbclum.— In 1887 Warth (1892—13) published an analysis of 
phosphatic nodules discovered by him in the .shales overlying the 
coal seam at Dandot colliery (32° ,39' 30" : 73° 1') and the neigh- 
bourhoodr The nodules contain 30 per cent, of phosphorus pent- 
oxide. The quantity was not considered sufficient for practical utili- 
sation. The discovjiy has also been noticed by Wynne (1975 — 37), 
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RAJPUTANA. 

Duugarpur.—Haydeii (793—26, 86) remarks tkat the apatite 
sdiists, reported by Darn as occurring in this State, may perhaps 
be put to some use, but the quantity available is unknown, as the 
rocks are laigcly obscured by soil. 

UNITED PROVINCES, 

Dclira — The discovery of a phosphatic deposit on the Mid- 
lands estate', at MifSsooRiE (30° 27' : 78° 8') was announced in 1881 
by Wai'th (1893 — 12) and Iviiig (987 — 3l, 198). Nodules of plib.s- 
phatc of lime aiid layers of a phosphatic rock occur in a band of 
shahi at the base of chert beds immediately overlying the Mus.soorie 
limestone. The mineral was analysed by Blallet (1159—4.5) in the 
following year. The nodule.s were found to contain per 

cent., equivalent to 75-75 per cent, tricalcie phospliate. The rock 
contained p2^X5~-30’16 per cent., equivalent to ObSl per cent, of 
tricalcic phosphate. lixposures of the deposit wc]'o found at three 
places in a h'ngth of a mile. 

PITCHBLENDE see under RARE MINERALS. 

PLATINUM. 


ASSAM. 

LahIiiiii|»ur.~P!atiiuun was found by Dalton ai'id Hannay (408, 
91) accompanying gold in the sands of the Noa Diking R. (27° 33' : 
9G° O'). A sample of the concentrates collected by them was 
examined in 1882 by Mallet (1159 — 30), who describe.s the platinum 
a.s occurring in minute flattened grains, with a not incon.siderable 
proportion of scales of a lead grey mineral, which he identified a.s 
ii'idosinino. 'rho largest scale of platimira w(!ighed 0-09.5 gr., ami 
that of irido.smine 0-06 gr. Both minerals occurred in very' .sm;rl! 
proportions as compared with the gold. The platinum in thi,s river, 
as well as that found in the rivers of Upper Burma, is probably 
derived from the crystalliiu; rocks of the Patkoi range (B. 108). 

BIH.AR AND ORISSA. 

Dlauhhiiin. — Mallet (1169—30, 55) detected minute grains of 
platinum in a sample of stream gold from the Guram R. near Dhadka 
(22° 48' ; 86° 34'). The largest scale weighed 0-005 gr. Similar 
scales were found in gold emreentratos from other rivers in the .same 
1 ‘egiou, and it seems probable that platinum is widely diffused in 



PLATINUM -PORPHYRY. 


the southern part of (Ihota xXagpur. Grains of la,-.nn' si/.e. 'if thei‘ 
occur, are probably rejected by the native gold wasliei's. 


BURAIA. 

CiundAviii (liOAver).--ln 18;V1 Priasep (1436- ti) pubh.shod the 
analysis of an alloy obtained by melting tog/^ther meiailic grains 
found witli gold dust in the tihindwin R. Tlie alloy contained 25 
per cent, of platinum, and -10 per cent, of irhlosiuhtc, the rcniaimlor 
consisting of gold. iron. ar,scnic and lead. In furlin.-r coinnmnications 
on this subjeet (1436-10. IG; -la). Pnnsep .staie.s that tlic platinum 
w said to come from .streams flouing we.st wards inl.o the ('hind win 
R. near Kani (22” 27' : 94” 53'), a.nd that tim ore contains 20 
per cent, of jilatiimin. with aliont twice that (luaniitv of iriditsitiine 
(B. 168). 

Chindwin (lippor). liamuiy (760- --(b 12) stdxti's tbai. ])l;itiniim 
occuis .in apprecijibb^ qiiaiititios in ilio aiirijonnis sands of. 1 in', llukavvrig 
valley. Tt was detected by Bion (127, 21()) ab almost every locality 
\v})e.re gold wa^^. found, bnt in very small auiounts. 

specimen of gold (.)re from the M'lczv Iv. (2b^ 

8': 4') was found by Romanis (1511-10;' 12) to cojitain 

2*53 per cent, of platinum and 7'Ul pe.r emU;. of Iridosmiae. 

.Wyitkyina. — Small quantities of pbitimim are obtained ych'irly by 
the Rimna Gold Dredging Co. from the gravels of the Irrawaddy 
above Myitkyiiia. During the years 101 i to 1915, the returns fm- 
nished by the Com])<iny include a total of 20G‘3!J oz. of the metal. 


Tavoy* — Minute quantifies of platininu were det(a:ted by Oldham 
(1326 — 1, 38) in stream tin coucentrates brought from the neigh- 
bourhood of the HiiiNZ.vi BASm (KmiVzii I D -15' : 93'^ O') bv O’Riley 
(B. iG8). 


MYSOKR. 

Kolar.~E ico (1477, Vol. I, 18) menuoii.s the occiiiTcncc ol plati- 
num in small quantities in the gold washings of the Kolar district. 


PORPHYRY see under BUILDING MATERLILS. 
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POTASH SALTS -PYKRHOTITE. 


d 

POTASH SALTS. 


PUNJAB. 

Jlieluiu. —While engaged iji making a oolloctioji of the mineral 
products of the Salt Range for ilm Vienna Exhibition of 187;k 
Dr, Warth (1893 — h, 408) noLieed the comparative hardness of a 
band of kaliary or impure salt, met with in the Mayo salt- mines 
at Khkwka (32^ 39' 30": 73^ 4'), and he found on making a 
preliminary analysis, that the material consisted of a mixture of 
potash salts with kieserHe (MgS04, HoO) and common salt (,w 
aho Wynne, 1975 -12, GO). Specimens e\amined by TschermaV 
{1808- 7) were found to be eom]H)sed of s>lute (K( 1) and kieserite, 
A colourless mineral associated with these, afterwards ('xamined by 
Mallet (1159“ 58), ])ioved to be laiigbeliiite (T\2l^D4i 2]\1gS04). The 
quantity of material obtained did not amount to more tlian half a 
ton, since the deposit was found to dii' out rajiidly in a latoi’al direc- 
tion. On analysis by Tween pjuoted by Wynne, 1975 i^^, 80, 
and Mallei. 1159 5o, 32>), th(‘ mixture yielded. — K(1~G1*13: 
NaOl -29 32: MgSO^ ~7*7H : jloO- 2 iO per cent. 

A, s^'areh tor fuitlnu* dipo'^it.-^ was made by ('hristie (311- 4) in 
1913, when potash salts wei(‘ found at 21 [;Luas in tlie Mavo mines. 
These occurimmes mdieate tln^ exist eii<^e of lliiee *^eams, (\i(‘h of 
which a])])eais to tlim out when ioilow'od along the use of tiic strata. 
The amount of jmtash contaim'd in tlie visible ])ortion of the upper- 
most seam, with. an avt'rage tliicknos,,; of alioni G ft , w^as provision- 
ally estmu1('d at 3,000 tons. Tin' other seams probably (ontain 
only a few hundred tons. Tlie peieentage oi ])Otasli contained m 
average sanqilcs ranged fr()m 7*7 to 14*4. Suggest ions for the 
treatment oi the mineral with the object of extracting the jiotash 
salts are iimluded in the re])ort. 

A bed of similar material wms ako found in a salt mine in the 
NTlawmn ravine near NuKrru (32" 10' ; 72' 39'), several miles to the 
west of Klnwvra. The bed wdieu bored through wsas found to bo 
about G ft. ilnck, but its latiwal extent wms not ascertained. Sam})les 
from the })oring contained ]3*(> per eeut. of potash. 

POTSTONE .sec STEATITE. 

POTTERY CLAY KAOLIN. 

PYRITES 5 CC ALUM, COPPER, and SULPHUR. 


PYRRHOTITE see SULPHUR. 
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QUARTZ— RARE MINERALS-filO LTJMBITB. 

QUARTZ see GEM-STONES-ROCK CRYSTAL and ROSE QUARTZ. 

QUARTZITE sm imdnr Bl^ILDING MATERIALS. 

RADIOACTIVE MINERALS see RARE MINERALS -PITCHBLENDE 
and SAMARSKITE. 

RARE MINERALS -CERIUM. 

MADRAS. 

Kuriiool. — A ifUvn“C^>loin*e(l niin(M‘al obtaiiunl l>y Na^wbold, (1294- -4i), 
'390) in tho old lead mines at i'AswAinni (l>.\s.\vA'iM.!tAvr, 15'" 2 V 30'' : 
78^ 4t' ;Vy'), was dfiscribed by INddoi^ton (1405 - i!2) as a tj’ipic 
carbonate of irpn, lime, and cerium, mixjMt witii ealena. Mallet 
(1159-™- "30., .153) luts shown that the mineral is smithsom(,e, contain- 
ing zinc and not ceiiiim (B, 130). 

Side m*-- Among tlie minerals colha'led by Leselnmault dr^ la 
Tour in S. India, a brown or black substajice analysed by Iva-ugiec 
(1038-^ b 1.91) was found to contain 30*5 jxu,* cent, of oxid<'. of coiiuin, 
and was hlentifi(‘.d by Damour (413-2) with tschellfliliiitc. The 
position of tln^ locality where the s])e(‘.imens wert^ obtained fi.as been 
dis(nissed by Mallet (1159 "■r)3), who ihirdcs that it was situated on 
or near Kanjamalai hill {W 37': 78'^ 7'). 

Se,e also SAiMARSKITb below. 

COLUMBITE and TANTALITE. 

kolumbito and tamtalitnr - the jiiobate and tantalate ot iro.u aaid 
manganese, -are (jcc.isionally im't with in the mica Inniring pf^gmatites 
of Bihar and Orissa and of S. India. instances of (Jieir occurrruH^e 
have been recorded [see l5a'mor, 577- 22, 'd03) at- tln.^ bellowing 
places : - 

BIHAR AND ORISSA. 

Caya. — S inqar ('jil' 34' 30" : 8rf^ 33' 30"). 'Wies(? minerals are 
said to occur in a mica mine at this locality (862, 281), 

llazarlbaglh— K odarma {M'' 28' ; 85'' 39'). Specimens of coliiin- 
1>ite from the Ooveniment Forest near Kodarma were stmt to the 
Geological Surve}^^ Office by Mr. (low Sjnith in 1897 (Oldham, 
1324—54, 129), The s])eci(ic gravity of the specimens was O'JO. 
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RARE MINERAIiS— COL0MBITE TAITTAUm 


Moiigliyr. — Pananoa mill , 4 miles S. of Jua-jha (21^ 47' 30" : 
86^ 26'). An occurrence of coluiiibitc and tanlalite, discovered by 
Mr. H. H. Prcnch. was examined by HollSiijd in 1894 {see Griesbach, 
708 — 27, 10). The mineral was found in lumps imbedded in the 
quart:^ of a very coarse pegmatite dyke, intrusive in mica schist 
crowded with tourmaline oiysiais. Specimens subsequently received 
in the (Jeolo^ncal Survey Oflice have specific gravities of 6*75 and 
6*92, and contain 37 and 52 per cent, of iantalic acid (Ta^O^) res- 
pectively (862, 284), 

BURMA. 

Tavoy, — Jlleeck (154 — 4, 68), in describing the wolframite lodes 
of this district, observes that eoiiuiibite. in black orthorhombic, 
crystals, was found in all the lodes. 


MADRAS. 

Madura lour (69 — 4, iv) mention;^ ferro-taidaHte among the 
specimens ol rocks and minerals collected by the Kevd. V. F. Miizj^y 
in the Madura district. The locality is given by Nelson (1286> JO) 
as near Palam (? Palm, KV 27' : 77" 3i'). 

Ncllorc.- -('ha(M]\um (14" 13': 79" 44' 30"). Specimens of a 

black mineral from mica ])egmatites.^ collected at this locality l/y 
Walker, were iouiid on eyahiination at the theological Survey laboiu- 
tovy {sec Griesbach, 708'"‘U. 9) to be eolumbite, with a specifi(‘ 
gravity of 5*718. 

Tricliinopoh.— Skaimalai hills, near VAiVAViPAaTi (JO" 33' : 78^ 
23'). A mineral discovered by Mr. Middleton when excavating 
lor mica in the^^e hills proved to be lantalite containing 66 per cent, 
of tantalic acal (Ta 2 G,';). A specimen received in the Geological 
Surviy Office was lonnd to be nearer columbite than taiitalit*^ 
(862, 285). 


MYSORE 

Baugalore.—MASTT (12' 52': 78" 30"). foliiiubite has been found 
by Jayaram (937 — 2, 182) in a vein of pegmatite traversing horn- 
blendio granitoid gneiss, about 3^ furlongs to the N. of the towm 
and 100 yards from the tank bund. The mineral occurs in consider- 
able quantity. An output of 112 lb. was reported in 1913 (862, 
284). 
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RARE BONBRALS-GADOLINTTE -TITANIUM. 


GADOLINITE. 

BOMBAY. 

^ Palanpnr. -A discovovy by Baidvan.itli Saba ot aa(h»lini{«\— - 
isiiliciito of berjUium, ydriiini, and inni.- at Iloavni-n'Hv (21-’ K/ ; 

3 (>'), ha.s boon recorded by Jidllaixl (859 -i:i) The, nuuer.i! h? 
as.’Sociatpd with oasHiloritc in lomnuiliiie jX'jTmatiie. 

PEWHBLENDE. 

BIHAR VM) ORISSA. 

Gaya.-- The oceurronce of (yitrlibleiule, ussixiaied wit!) uraaiiitH 
Ofhre and triplito, in a mica inim> near Si\(!\k (2!’ at' 3u" . So" 3:V 
30*^) wao recorded in 1902 by llolian(l (859 :'. 7 , ,bi) Aceoi'ilms' to 

•Barton {nee Ifaydeu, 793 -;Jl, ‘21), tlie niitX'Uil .1^ iKuiulos^ 

in a band ol )nuM pej^nutito about jO xaid^ m widdi. Tlio 
nodule found weiglicd W lb. Abo-d ol ]/i(u1iI>1(MuIu had been 

found by the year Ihld. The i^duins U,v d.Mb lucludo Hi lb. ob- 
tained at t1ii)S locality 

SAMAESKITE. 

MADRAS. 

Xellore,— The existfuiee of saiimisliitc, -a roiuplux niob.do and 
tantalatc of ihaniuni, .ytO'iiim, iron, fdc., in ono of llio iNidlore niica 
mines appears have been tiisl bioiiidit to Tiotiee by \\ N. Bose 
about th(* year 1007, but no debiils o) tlie oieurnuu’e oi locality 
\V(‘re furnislied. In 1910 vS])oc!mens weie foiavardcd to (’ah'utta by 
R. It. Simpson, wlio obtained tlnun from Ibe Siuikaia tmea mine 
noar Gridalur JO' 00": 79'* oO'). These* included a fragment 
13 lb. in weiolit, wiili a speertic gravity of o7l (vc Tip[>er. 1787 -7), 
hi a later paper (1787-' U) Tipp<*r giv(‘i furllicr details ol the oeeair- 
reiico. The pamarskite is fouinl in irregulr* angular nia>ss<s, ranging 
from minute fragments up to 200 lb. in vci;jhi, >11 ]>mkisli brown 
felspar forming onc^ of the coast itiieuts of a garnet ifcruius pegrnatilo. 
The mineral is strongly raducedive. 

Two other minerals eontainiug uraamin wei'e ffiund in the same 
mine. 

An output of lOcwt. of sanuinskife i-i r<‘poit(‘d for the ysar 1914, 
as against 3 cwt. in 1913. 

TITANniM. 

BIHAR AND ORISSA. 

Wanbhiiin.—Ball (71---tG, ]07) tnentim.s tl)o occun cncc of rnns- 
eivc ilnicnite af the foot of Ihc hills to the \\ . N. \\ . of M \n bazaar 
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RARE MINERALS— TlTANItJM. 


(23^ 3' 30'": 43'), Tii the neighbourhood of Supt^r {23^ Tr 

86'^ 53' 30") it occurs in large masses weathered out trom <juartz 
veins, and in lamellar plates or seams in situ (B. 323). 

Well developed crystals of riilile, sometimes half an ineli h)! 
t?hickness, were found by Wailh (1892- 2:n 51) on the surface of 
the ground near the outcrop of a kyanile vein exposed in the neigh- 
bourhood of Salbanni (23^ 4' ; 20'). 

MADRAS. 

Tnnancore.—llmeiiife in small masses or i8olat('d civstals js a 
common constituent of the chainockites and pyroxene granulites ol 
Peninsular India (Holland- 859 nu 120), Tt ocein’h in abundance 
in the }nona; 5 iie sands on the coast near P\pk Toiviotux' (.< fce Tip[)ei, 
1787—12, 187). 

Triclunopol}.— Hose lia^ leported the occnirence of ndlle in the 
neighbouchood of KM)AvrR (HP 36': 78*^ 1-5')— (862* 285.) 

PUNJAB. 

PaUai;L — According to Pose (173 *21, 59), a imn-Mve foin) of 
rutile has l^een mot with in the course of mica exploration neur 
(Jhatasuer (27*^ 58' : 76'" 5' 30") in the Narmai i district. The 
mineral ap])ears to occur in some abundance in the Arvali seru's. 


RAJPUTANA. 

\hvar.— Ilacket (730- t, 249) has recorded tin' occinr(niC(‘ of 
small (piantities ol rutile in quart veijis in the MoTiooNour lunoE 
(27^' 32' : 76^ 39'). a sliort distance \u the S. of Alwar (B. 321). 

Hishangarli.- An occurrence of iliuenite, formerly smelted as a 
ore of iron, near KAxaniRiA (2(f’ 32' : 74'^ 56' 30"), has been roiorded 
by Vrcdciibnrg (1854— s). The iuineral is found in large well 
shaped crysials ass(K*iated with quartz and calcile i?i a broad vcm 
traversing granitoid gneiss. The specific gravity is 4*60. 


UNITUD PROVINCES. 

Ulirzapur.— Mallet (1159—5, 22) notes that ilnieiiite sand occurs 
in some of the streams in south Mirzapur. 
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RARE MINERALS-VANAOlUM— SALT. 


VANADIUM. 

^MADRAS, i 

TravaiU’orc,-- According to a partiaJ analysis made, by bhacko 
( 298 , 53), a sample of tlie a.sli from lignite nccurving in tin- Warkiilli 
beds contained 2 per cent, of vanadium oxide ; but no tracts of this 
element was detected in two samples of the ash aualvsed at llw 
Imperial Institute { 1 . c., pp. 31. 82). 

REH see SODA. 

ROCK CRYSTAL A 

u)ul<'r GEM-STONES. 

ROSE QUARTZ. ) 

RUBELLITE see GEM-STONES -TOURMALINE. 

RUBY 'sea mder GEM-STONES. 

RUTILE RARE MINERALS ^ TITANIUM. 

SALT. 

Tlu^ tSoiHTes from vvlur]j indlo-toioutS sail' siJl>pIy of fodia is 
clorivtai iiiay l)o divided into t!u’o(‘ catnijjoiAms (A) >S(*a wator 
evaporatt'd by solar hoiii. (B) Brino from Iak(‘S in areas of internal 
draiiuigc, brine springs and Avells. or obtained liy the lixiviation of 
saline soils and evaporated by artilieial means. (V) ne|)osits of rock 
salt, (juai'ried or mined in inu’tain districts of tlie Nortli-West Frontier 
Province and the Pimjal). 

General accounts of th(‘ salt re.souria‘S of India lutve lieen given 
by Warth (1892 j^), .Ball (71 — r>5), and Ashton ( 44 ). 

During the quiinjiienhial period 1909 to 191b, t,he larger ])ropor- 
tioiy amounting to about 70 per cent., of tlie indigfmoiis out put Avas 
obtained .from sea wsJer, —Aden and tli.e Ih’osidencir^s of Bombay and 
Madras being the chief producers. .Rook salt aceoimted tor alioiit 
10 per cent, of the total. Tim bulk of th.e remainder was derived 
from lake and subsoil brines i?). the R{ij])ntana flesert The average 
annual production for the whole of India, including .Aden and Burma, 
during this period, was 1,412,274 tons. The average amount imported 
aiiniially from foreign coutda'ies was 4t>0,000 tons. In 191 o the 
total production amonnt('d to 1,740,7)21 tons, and the quantity 
imported, excluding that from Aden, to 117,257 tons. The cessa- 
tion of supplies from Germany, with the ej^ception of 1,020 ton a 
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SAW. 


from priise cargoes, and from Asiatic Turkey, was largely balanced 
by enhanced imports from Egypt, Spain, and the United Kingdom. 


ADEN. 

The average annual production of salt from sea water in Aden 
and its depondcncies, during the quinquennial period 1909 to 1913, 
was 110,373 tons. Of this amount, 92,295 tons, or 16*7 per cent, 
of the total, was exported to India annually. In 1915 the amount 
produced was 352.232 tons, of which 102,286 tons were exported to 
India. 

AFGHANISTAN. 

Hutton (900 — 8 , 601) states that salt was o])tained in Kushk-i- 
Nakhud (3U 43' : 65"^ O') by washing the soil and boiling down the 
brine. A superior article was brought from Oitrmsakl (GARMSfH, 
'30'^ 30' : 63*^ 10'), where the water of a sti'cam flowing fjom the 
hills left cakes of salt resembling ice on tlie surface of a swamp on 
evaporatio^n. Tlie city o£ Kandahar was supplied from these sources. 

‘ Medlicott (1197—57) notes the receipt of speebucns of rock salt 
from Pare ANOiTRr in the Cliakmani conniry, 20 miles to the W. of 
Kurram Fort (33^' 49' : 70'^ 8'). No use appears to have been 
made of this salt, for the greater part of Afghanistan was supplied 
from the Kohat district, N.-W. Frontier Province (B. 481). 


ASSAM. 

Cachar.— The iiianufactm’e of salt, from brine wells is mentioned 
in the Statistical Account of Assam (896 — 3, Vol. 11, 370). The 
salt is said to be mueli inferior in quality to that imported frmn 
Bengal. In 1875 the industry was practically extinct. 

liUkUiinpnr. — Sait was formerly raarmfactiired, according to 
Robinson (1503 — i, *33), from brine springs situated at Rorhat 
(27° 10'; 9,5° 2,5') and Sadita (27° .50'; 95° 43'). The production 
at the latter place in 1809 is said to have been about 3,700 tons. The 
brine was boiled doAvn in ba.mboo.s, pared so thin that the percolation 
of moisture from within prevented their burning (B. 491). 

Naga Hills. — Owen (1352) has described a similar method of salt 
manufacture practised by the Dwaria and Namsangia tribes. The 
brine is said to have been obtained from 85 springs, usually rising In 
the beds of rapids in the streams. 
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SALT. 


V- (886^3, Vol. I, 176) „y» ,|,.t » ii 

Jaiovra to exist at Jasstuaxc. in ftc Mikie Hills, l,„t il„. .statement 
i-eqmres continuation (B. 101). ' *. 


BAI.L'CmSTAN. 

(900-^8. (>0l) mentions the nunuifMctute 
ot salt m tho lishm valley ironi briuo obtained bv tlio lixiviation of 
saline soil (B. 481 ). 

BbNOAL. 

bait was formerly niainifactnred in coji.sidm-able (jiiantilies hi llio 
districts l}h.ng on eitlior side of the iloogldy below talentta. but the 
industry is now practically evtinct. Jltimilton (T47) has de,scril)(;d' 
the method practisi'd. in the Miihutiiore district about Tauhik 
( 22° 18' ; 87°_ o8' do"), and Mcddland. (1117 --M) and Ashton ^ 

(44, ld9) that in the 24-lhii'gaiii(s, on tlm eastern siilc of the rivor 
Sea water was admitted on to ground levelled for the ]nii,)Osc. and 
when impregnated ivith salt the earth wa.s sera.ped ii]) and li.xiviat.ed 
in straw' iiltei'.s. The firine was then hoib'd flown, oitlier in nests 
of s.ma]l earthen vessels hmlened together Inineycomb hishion with " 
stiff clay, or in shallow' iron pans. In works of the first kiinl, 
know'ir as Bakoixinij, evaporatitm wni.s carried on onlv diiring the 
day; while in the .second, or Tuffa] works, green wood was ii, sal', 
and the evaporation proceeded eontimion.sly. Met 'Idland appends 
direction, s for the pifiparat'on of .sulphat.f' arui earboniite o) magnesia. 
Irom tlie bittern or w'aste liipioi'. 

BIHAR AM) OKISS.V. 

In the saline tracts bordering tlie eoa.d, of Orissa, salt w.is manu- 
factured in B.lhisore and I'liftiick by a proce.ss similar to that employefl 
in Bengal, and in Puri by solai- heat. In tlm laOe.r di.siilet salt 
Avater was led liy canals Iroin the (Inlka lake into rows of .sballow 
pits arranged in sets of lour, increasing .sueee.ssively in depth from 
18 ins. to d ft. The final co/iiv.'^ntraiion was offfic.tod in pDols (> ins, 
deep and l) ft. spuaio. Tlio prodnctif.in. in tli.es(‘. districts arnniinted 
in ,1875-76 to alTout 10.500 tons, accordin^^ to the Htafistical Account 
of Bengal (898-2, Vol. XVIU, HoXU; ; Vol. XfX, 151). 

A certain (juantity ol. salt was fornic.rly^ obtained as a byc-pro'' 
duct in, the manufacture of saltpetre in the Ihliar divisiom but; no. ’ 
output is now recorded in the annual rf^tirnis of niineiai ])rodiictioj). 
An analysis of the salts acc(*!;ip:iii\i!Mir tlio sahjietre was </iven by 
Piddington (1405 — to) in 181L wlien the (juantily of edible salt 
produced was estimated at about l,0/)00 tons annually. 
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SALT. 


BOMBAY. 

A large proportion of the Indian production of salt, amounting, 
lo an average of 481,879 tons annually during the quinquennial period 
1909 to 1913, or 37 per cent, of the total, is manufaetvired in Boinhay 
and Sind from, sea water, or from subsoil biine as in Ciitch ; where, 
according to Wynne (1976 — H, 89), nearly all the rocks, especially 
the upper Jurassic and lov\^er Tertiary beds, are strongly impreg- 
nated with chloride of sodium and other salts. The same observer 
remarks (/.c., p. 19) that- the salt naturally formed on the floor of 
the Kurm of Cutch does not form an important article of expojfc, 
and usually has a rather bitter taste. In 1915 the cjuantity of salt 
]VToduced in the Presidency was 524,257 tons. 

In lvS47 Macleod (1138) and Ihirke (233) called attention to the 
exivstence of extensive beds of salt in the neighbourhood of the Kori 
and, Gangra branches of the Indus, opposite Lakhcat (23'''’ 50' : 
68"^ 51'). One of the deposits is said to extend foi’ a length of about 
20 miles, by 15 miles in breadth, with an estimated thickness of 3 ft., 
and would contain about 1,500 million tons of salt (B. 481). 


BURMA. 

In addition to the salt inaruifactured from sea water in the coastal 
districts, — for a description of the process see Tlmrley (1783), — large 
quantities were formerly extracted from water furnished by brine 
springs and wells, especially in the ‘ dry zone,' where the water 
from dee|> wells is almosf- always noticealfly saline. .Brine springs 
frequently occur in cruslied or distorted strata among the rocks in- 
cluded in tlie Burmese petroleum belt. Reference to tiieir occurrence 
lias been made by tlie following writers : — 

€l)ii)dwin (rp|)ei*).~TIannay (1385. 270) states tliat in the 

Hukawng valley salt was obtained from b.rine springs on tlie Nam- 
woii-kok and Edi rivers. 

Grant (692 -2, 130) mentions tln^ existejice of brine sprijigs ajid 

wells at sjweral places in the valley nf the Maglung or Yu li. (Kabaw 
valley), betAe(m Yuwa (23^ 54' 30": 94^ 35') aiid Tammi; (24" 13': 
94" 21'). 

Kalluu — Noetling (1311 — 18, 119) ^numerates a number of salt 
springs situated ou the western side of the M.mnothon hill tract 
(24" 10' : 95" 40') in Wuntho. The springs rise from beds of 
volcanic ash, and are disj^ibuted along a N. N. W.— 8. S. E. line, 
probably coinciding with tliat of a fault. They usually rise in the 

430 



SALT. 


bods of stroiinis, tbo wator of wliicb is cut olT by sinking a liollov\^cd- 
out tree trunk on the site oE tlu^ spring. 

MyiiigyaiK— At Sagyin (LAf 57' 30": orA 28') and other villago.s, 
in the neighbourhood, salt was still being nianulactured in 1009 
(.see? La Touche, 1034 — 30, 101) Ironi ibe saline efllorosconce derived 
from brine springs. After saturating the soil hy repeated inoistea.n 
ing with water from the springs and drying. tlu‘ bnne is washed 
out in large conical wicker baskets, and eva]K>rated (^ver a slow 
lire. 


IN'gu, — Tlieoliaid (1763-'- is), in a. Sjiecial report on the salt 

springs of Pegu, has enuniorated 79 springs and wells, distributed 
along Idiree lines roughly jiarallel to each other aaid to the eastern 
flanks of the Arakan Voma, extending northwards throngli the 
districts of lleiizadiL Prome. and Tlia^ctiiiyo. The most important 
spring is that of SAiiDWfNGYt (8 anyvvagvi, 18'-^ 2' : 95^ 9'), Avhich, has. 
a discharge of 57 gallons jier hour. The watoi’ contains 4,704 grs, 
ol salt per gallon. In most (‘ases there was no perceptible flow 

of water, the briiu^ being obtained by baling from timbered wells 

(B. 492). 


Sugaiiig.— Oldham (1326 17,323) has described the process of 

manufacturing salt at YnoA (2)"' 59' ; 95"^ 59') from the water of a 
small lake of brackish water. The mini from the ImhI of the lake 
was lixiviated in straw filters, and the lirine, conce.nt.rated by evapora- 
tion in iron pans, was placed in baskets, in wliich the salt crystalliBod 
out. 

Sliai) Stales (>.)* P>AWGvd or iMaw-iiKno (22" 35': 97'^’ 17'), 

Tlio manufacture of salt from a brine widl sitnatial at this locality 
has been described by Noetling (1311- 7 ) and l^a Touche (1034 — 32 ). 
The brine was found on analysis to contain aliont 25’5 ])er cent, of 
total salts, the composition of which was: Aa(T-()0'48: Na 2 ^^ 04 - - 
36*24 ])er cent., with small (piantities of sulpliate of lime and mag- 
nesia. It was estimated that the well is ca])able of ):nodncing about 
.160 tons of common salt and 70 tons of sul])hate of .soda per aununu 
The brine is cvajioiated neai’ly to dryness in sliallow iron pans,, 
the bulk of the sulphates erystaliising asji haid scale on th(‘ bottom 
of the pan, and the salt is sold locally in its enule state. 

Shwebo.-- Considerable {piantitie.s of salt were nianulactured ia 
this district, according to the Cazettern* of Upjier Ihirma (1601, 



salt. 

Vol li, 295), under Burmese rule. The centre of the industx'y was 
at Haltn (22'^' 26' : 95^ 51'). The brine was obtained from the 
Subsoil, or, vehen deficient in strcngtli, by pouring water from wells 
over the fields and gathering the elfiorcseence, which was lixiviated 
and boiled dowm in tlie usual way. The production Avas from 125,000 
to 200,000 viss ("-200 to 320 tons) annually. 

Strovor (1721, 14) mentions extensive salt fields at Shtmpagah 
- (? Shtnmagia, 22^ 17' ; 90^ 1' 30"), on the west bank of the Irra- 
waddy above Mandalay : but tliis was probably one of the places 
whence the salt from the interior of the district was shipped to tlie 
capital (B. 492). 

The average aumial production of salt in Burma, during the live 
years 1909 to 1913, amounted to 27,164 tons. In 1914 the output 
fell to 21,522 tons, hut in 1915 it rose again to 28,521 tons. 

CENTRAL INDfA AGENCY. 

tJwalior. — A small output of salt from the Owalmr State is 
recorded annually in the retiirris of mineral production. It is manu- 
factured from subsoil brine as in Bhai'atpiir and (Jurgaon. The 
average amount produced ajimially during the jeuied 1909 to 1913 
was 100 tons. In 1915 the outpuit was 127 tons. 

CENTRAL PROVINCES. 

Akohi.— Blauford (148- 22, 28'k 380) and I.yall (1107, 22) have 
described a .salt industry formerly carried on in the valley of the 
Puma K. betAveen Diivonda (Dauiuanda, 20"^’ 53': IV IT) and 
OoMKAWUTTEE (.Amuaotj, 20'^^' 56' : IT' 18' 30"). Brine was ob- 
tained from A^ufils sunk in the alluvium, from 90 to 130 feet in depth. 
The saliferous stJ’atum is a bed of tenacious gTavelly'' clay, from which, 
on being tapped, the salt water rises Avith considerable force to a 
height of 15 or 2i) ft. from the bottom of the Avell. The brine was 
evapoi’ated l»y solar heat in shallow pans lined Avith a concrete of 
river gravel and kajikar. Wynne (1975* -~ 7 , 3) says that the crystals 
of salt Avere small and rather dirty, but Avhitor salt Avas obtained \n 
the hot season. Each avoII produced about 5 cwt. of salt monthly 
(B. 477). 

Biiidana. — A certain amount of vsalt is obtained as a bye-product 
in the manufaetmo of carbonate of soda from the brine of tbe Lonau 
LAKE (19"^ 59' : 1(T 35'), rioted under the heading SODA. Accord- 
ing to analys('s made by Christie (314r— l, 283), an average sample 
of Avader from the lake contains chlorine in the proportion of 34*18 
grams per litre. 
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CImuilii.-^-01dham (1326-^01), 80) Ixas rcinurlcod that a dap^Ksit of 
brownisir yellow sand or clayey sandstone, oeeniriny hemvith the 
alluvial gravels of a largo portion of western (Ijauda, is distinctly 
saline. Samples of the salt obtained by Lixiviatit)!*; Mio sandv clay 
contained respectively 82*89 : ' MgSOj -lOO-J per cent * 

and NaCl-87*58 : MgS 04 1 i*8d per cent. ^ 

HYOnRABAD. 

Cililbarga.— h oote (596- l-, 2od) stales that' a huge (|uantity of 
salt was manufactured at lUionunAf. (IG' Go': 7G^ 27' 20") from 
brine obtained from wells simh' to a deptlu according to Meadows 
Taylor (1751 2, »il) of 1.20 teet. The wader of several ol tl)e streams 

draining the spreads of regiir, or ‘cotton soil,' in the mdghl)ourhoodc 
especially that of the Diiox R,, is distinctly salime A sljram whicli 
joins the river from the N. E. at Taukot (Hi ' 2S' ; 7G ' 22') is said 
to deposit impure sail in parts of its bed wln^ri d,i’v. 

iMADRAS. 

The uianiifaciurt'- of salt in the Mndras l.h'esideiicy is now ])racti- 
cally confined to the coastal districts, wliere it is d<u'ived from 
water, solar heat being emploNaxl in the (Haiporation. The ]>roccs.s 
is descril)od in the various J.)ist.rict Mamials (scr (iarstin, 636, 4G0 ; 
Maltby, 1162, 279; Bayley., 90; de Havilland, 452), and consists 
in admitting the water, already concentrated fo a (Certain (hgree by 
evaporation in ])its for about 25 days, to siu^Jow reservoirs or pans, 
about two-thirds of an aci-e in oxtmit. 'The pans are ]>re])are(l by 
repeatedly allowijig a thin crust of salt to form, and I lioioughly in- 
corporating it witli the soil by tr('aidi]ig and ramming it in. I'Vn-meriy 
a certain amount' of salt was ])rodiiced in the inlrun!, districts by tlio 
lixiviation of saline eartli (see Mayer, 1193 - i ; Nici!ol,;on. 130T-1); 
but this industry has beim suppressed by (h)V(nnm»mi. (B. 175), 

The average annual production of salt ii» the ?rv‘sidency, during 
the quinquennial ])eriod 1909 to 1912, was 101, 28t) tons, h'oi* tli,o 
years 1911 and 1915 the <iuantities produced w(n*e ]*espoetivcly 
298,862 and 215,714 tons. 

MYSORE 

The maniifactarc of ‘ earth salt ’ in the My.sou^ State, as at pre- 
sent carried on, has been described by Primrose (1431"-s, 207) and 
Sambasiva Iyer (1548 — 7, 253). The saline eartli is lixiviated in 
troughs lined with lime plaster, and ti^e brine is filtered through sand 
into shallow earthen pans, in which, it is evaporated by solar heat. 
The yield is said to be about 2 Ib. pea' .sijuare foot of iicating surfaco, 
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or aboTit 2 tons annually for each pan. No trustworthy data ‘of the 
total annual production are available. 

NORTH-WEST FRONTIER PROVINCE. 

Koliat. — Alln.sion to the existence of e.xtensivc beds of rock salt 
in the Kohat district was made in 1843 by Agha Abbas ( 15 , 595, 507), 
a)id later by Vercherc (1839 — 3 , 26) and Oldham (1326 — to) ; but 
it was not until the year 1874 that an adequate description of tln^ 
•deposits was published. In that year a report by Wynne and 
IVarth ( 1976 ). afterwards ref)rodnccd in. the Memoirs of the Geolo- 
gical Survey (1975 -IS; 1892 - 7 ), was drawn u]), giving a conipletft 
account of tlic geology of the region and of tlie economic develop- 
meat of the salt. 

The roclv salt occurs in beds of great thi(*kness, measuring in one 
instance at least 1,000 feet, at a single distinct liorizon overlaid by 
beds of gypsum, apparently followed in conformable sequence by 
nurumulitic (Koceiie) limestone. The presumption therefor<^, is that 
the salt beds are of lower Tei’tiary age, but as the underlying beds 
have not been observed in any of the sections exanuned, and ].io 
fossils havf^ b(sm mot with in direct assoc.iation witli the salt, tlnm* 
exact geological position has not yet boon a.scertained. 

The I)(^ds of rock salt are exposed along ilio axes of n series of 
narrow, elliptical, anticlinal folds, so that the outcrop is never con- 
tinuous for any gri^at distance. The area over which salt is actually 
exposed is apprc>xin 4 iitely estimated by Warth {1892-1, , 321) at 
3.082,996 sq. feet., whicli would yield, on the assumption thaf. the 
average thickness is 100 ft., about 18 million tons of salt. Since, 
however, the salt may be reasonably expected to be acuuxssiblo over 
a total area of 5 sq. miles, the quantity actually available must be 
much greater tliau this, ].)robablv not less than 1,250 million torts 
(B. 182). 

The salt is usually of a greyjsh colour, (lifferifig in this respect 
from Muit of the Pimjab 8a!t Range, which has a reddish tinge. It 
is of great pin'if.y, being only slightly contaiiiinaied with thin hiyors 
x)f clay, except in tlie upper portion, whidr is often impregnated v/ith 
petroleum. A sample of dean salt from Baliadur Kheb analysed 
by Tween (see- AVynne, 1975 1 . 5 , 130), contained : "Tl'-~59’52 : 
HoSOa—l’S : l!aO--l'06: Na- 37'17 : Insoluble niatter--0'45 per 

cent. It contained no foreign salts. 

At the time of ’Wynne and Warth 's smwey, Ihe principal quarries 
wei'o situated at the following places : — 

Bahadur Khel (33'’ IT: 7r' 1'). The outcrop extends over 1 
niiles in length, witlr a breadth of a quarter to half a mile. The 
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visible thickness of salt exposed, allowing for a northerly dip, is at 
least LOOO feet. Two hills in the centre of the valley, about 200 feet 
in height, are entirely coniposed of salt. 

fjATTA (33^ 10' ; 71^' 20' 30" j, Ontcr<)ps and. quarries extend 

over a space half a niil<^ long and a quiirter of a luile broad. Tlnh 
thickness of salt exposed in one of the outcrops was 100 ft. but 
the total tluckness is probably nuich greater than tliis. ' 

KfCARAK (33" 7' : 7r' 0' 30"). Quarries arc \vorkod over an area 
•of a quarter to half a mile in length and a few hundred yards i]i 
wadtli, The salt is covered ])y thick deposits of gypsum asid debris, 
and dips at angles of 40 to 15 degr(‘es. Ex])osi.ires vary from 20 to 
40 feet in height. 

Mauuiin (33^ 20': 71'" 35'). 'Ihie salt (jiiarries are situated 4 
miles to the. S. of the village. Tl\e outcro]> extends for 3 miles 
from E. to W. Ihio space actually (piarried was about half a mile 
long, and was greatly obscaired by del)ris from old (jiiarries, which 
re]xdered the working e:xtr(unely dillicult and dangero\is. 

Naki (33" 1 1' 30": 71" 13'). Tln^ outcrops (^xbmd for 2 mil('s, 
but quarrying was contined to a space half a mile in length and 
several luindred v'ards broa,d. Th.e thick,] mss visible is about 200 ft. 

In addition to these phu’es, particulars of 25 old quarries and 

outcro|)S are given in the jueijuoii* (1892 7, 315-324). Tlic most 

favimrable of theni as n^gards regular mining ai'o said to bo: — 
BuRBumiA (33" 10' 30": 71" 12'), Zaino (33"' ^18' : 71" 35'). Nun* 
DKUKKI (33" 10': 71" 37'), Kuuau (33" 14': 7b 23'), aiid Sm- 
UAIKHWA (33" 10' : 71" 10'). 

;Vt Ikihadi.ir lvln4 and Kliarak the salt wa.s extr{ict(xl by pick axe 
and wedge in tln^ form of slabs, called liihbis or chakkw, measuring 
13 ins. across and 4 ins. \n thickness, advantag(‘. bem^g taken of 
bhe planes of stratification of the salt ami the ('(uiipaiatively high 
di]>, — about 45 d(ygi'ees. At the other rpiarries gunpowder was used, 
and the salt obtained in irregularly sliajied bragments. 

The average annual production of rock salt iji the Kohat district, 
during the five years 1909 t-o 1913, was 18/118 tons. The figures 
for 1914 and 1915 wmae 19,099 and 18,239 tons icspectively. 

PUNJAB. 

ftiilgaoiL — The salt industry in this district, wdiicli was formerly 
of some importaiu’-e, has been descrilred by tlubbins (721) and 
Ashton ( 44 , I28). The brine is derived from w(^lls, from 24 to 40 
ft. in depth, .situated chiefly in the neighbourhood of the village, s 
ofNuH(28'^ (•/: ir 3') and SuLTANinm (28'- i': 77^ 11'). The salt 
water is evaporated by .solar heat i)i shallow pan.s lined with lime 
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plaster, arranged in sets of six, one of whicli is always kept filled 
^’itli brine from the remainijig five, the process taking from 12 to 
20 days to complete, according to the season. Branches of various 
shrubs are placed in tlie pans, in order to facilitate the crystallisation 
of tlie salt. Ashton, writing in 1000, says tliat the industry was 
becoming extinct, tire number of factories having declined from 090 
in 1867 to '12. The salt is of inferior (piality, containing from 81 to 
87 per cent, of chloride, with a noticeable proportion of srdphai.e of 
soda (B. 490). 


.Ilieliun and Sliulipur') ,, ,, , 

(Suit Kini"c) j-— bbe name bait .Bange appears to 

have been first used by Elphinstone ( 545 , 103) to denote the hilly 
country e.xtcnding from the base of the Safed Koh to the banks of 
the Jhclum, including the salt hills of Kohat ; but it is now re.s- 
tricted to the broimn ground (not a range in the strict sense of the 
term) forming the southern scar]) of the ‘ Potwar,' the elevated plain 
lying at the base of the Himalaya between the Jlielum and Indus 
rivers. Tlu; first ac(!ount of the deposits of rock salt tuid their 


ex|rloitation by the Sikhs was given by Burne,s (285 — 4;— 13, Vol. 1. 
50) in 1832 ; but it was not until after the annexation of the 
Punjab in 1849 that the geological relations of the deposits wore 
studied. 


In 1853-54 Fleming (591 — a) and Theobald (1763—1) pu.blisl)ed 
repoi'ts 'on thc^ geology aiul mineial resources of the llangc, and 
slunved that the saline series is apparently the .olde.st formation 
exposed. This position has also been assigned to them b}' Wynne 
in bis exhaustive memoir (1976— is) on the geology of the Bange. 

The salt occurs in discontinuous beds or mass(« in a thicle band 
of a pecxdiar bright red gypseous clay or ''marl,’ whicli is overlaid, 
towards the eastern cud of tlic llauge, by a series of beds known by 
their fossils to be of Cambrian age. Certain anomalies, however, in 
the mode of ‘icciirrence of the red marls render it doubtful whethiu' 
this is their true po.sition in the geological sequence. Fleming 
(691-5, 240 ; — ■<), 197) was the first to draw attention to their 
resendilance in some respects to igneous intrusions. Vcrchere 
(1839— .h 22) attributed the deposition of the gypsum, as anhydrite, 
to hot s})rings,- and the (luasi-intriisive character of the beds to the 
increase of volume consequent upon the conversion of the anhydrite 
into gypsum. More recently the theory of the igneous origin of the 
marls has been elaborated by Middleniiss (1219—14, 26), who relies 
mainly upon the imstratilied nature of the deposits ; their apparently 
corrosive action upon included patches of dolomite ; the absence of 
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any traces of the marl in the Salt Range boulder betl. of Carboni- 
ferous age, oven when in contact with tlie marl, though pebbles of 
unaltered dolomite derived from it occur in large (luantitiea ; and 
on the many instances observed of an ap]iareut intrusion of the 
marls into formations of latrn- date than the Cambrian. Tfolland 
also has shown (859—2) that bipyrainidal crystals of quartz imbedded 
in the gypsum contain inclusions of anhydrite, indicating that the 
deposits wer5 formed at a temperature of probably not less than 
200'''' C. The questioji has again been discussed by Christie (314 -4, 
252), who lias pointed out that the alisence of stratification in the 
marl is merely superficial, sections in the interior of tlie mines 
showing distinct bedding ; that the dolomite is of sedimentary 
origin ; that the anomalous po.sition of tho marl is duo to plasticity 
induced liy the pressure of the overlying rooks ; and that it has 
been shown that sulphate of lime may be deposited as anhydrite at 
temperatures above 25'’ t- from solutions saturated with risspect to 
sodium chloride and calcium sulphate, lie concludes that tlie 
saline series is a sedimentary de])osit, but that it lias been depressed 
since the time of its accumulation to a depth sidlicient to raise tlie 
temperature to at least 80" C. 

In addition to Burnes’ account, noted above, descrijitions of tho 
working of tho mines under 8ikli administiation have been given by 
the following writers : — 


1836. Court (377, 475). 

1841. Jacquemont (926 — 2, \'ol. Ill, 109). 
1813. Jameson (931 — 2, 198). 

1843. Agha yVhbas (15. 574). 

1848. ') . 1(591—1,518). 

1849. J I (591-r.). 

1850. Bowrmg (183 -1. 51). 


Mines were fornieiiv very niunerous, but those described were 
situated at Jutana (32^^ 43' *30": 73^^ 13'). KhicWra (32^ 39' 30": 
73" 4'), M;akrac}i (32" 40' : 72" 57'), and Sardi (32" 41' : 72" 47') 
in Jlieliini, and at VARcnrA (32" 25' : 72" 2') in Shalipur. The work- 
ings were entered by narrow, t.ortuons passages, opening into huge 
caverns, in which no precautions were taken for the prevention of 
falls from the roof. The production of salt was from 28,000 to 
30,000 tons annually. 

Under British rule the number of the mines was greatly reduced^ 
and at the time of /Wynne s survey only three were being worked, 
viz,y at Khewra, Sardi, and Varcha. In 1808 recommendations had 
been drawn up by Oldham (1326 — 49. 14G) for improving the admi- 
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nistration of the mines, and in 1872 a systematic plan of working 
was laid out by Warth (1892 — l ; — 4 ; ~5 ; —8), which has been 
followed to the present day. The most important are the Mayo 
mines at Khewra., where live salt beds are known, with an aggregate 
thickness of 275 feet, separated ))y beds of red marl and impure 
salt or kallar. The workings are laid out in blocks, thirty-seven 
in number, separated by pillars 30 ft. in width, which run conti- 
iiaously through the mine at right angles to the strike of the seams. 
The seams are worked from above downwards, the floor of each 
block being blasted away in steps. The chambers are entered 
from two levels furnished with tramways, which converge at a 
single main exit. 

At Sard! the bed of salt worked was 20 ft. in thickness, but 
the mine was unfavourably situated for working, and has been 
closed. A small mine has since been opened in the Nilawan gorge, 
a little further to the west, below the village of Nurpur (32^' 40' : 
72" 30'). 

At Varcua 20 feet of salt are excavated froju a bed of much 
greater thickness, the remainder being of comparatively poor quality. 
The old 8ikh workings here were of great size, but of tlio usual 
dangerous character. 

The salt of the Hange is white or pink in colour, often laminated 
in layers of different tints. The composition is more complex than 
that of the Ivohat salt, since it contains a certain proportion of foreign 
salts. An average analysis quoted by (’hristie (314 — 4, 213) gave : — 
NaCl=96'10 : MgCl 2 — 0*60 : Na 2 SO 4 -~3’20 : Insoluble matter --0- 10 per 
cent. ; and the average analysis of 4 samples ({noted by Wyimo ( 1975 — 
18, 77) :~NaCl--93 00 : MgCU-^hSo: : CaS 04 -. 0-75 : 

\Vatcr and loss -~-4'50 \w,v c(mt. According to Oiraud (661 — 1), 
th(3 red colouring matter consists of infusoria and confervie, an obser- 
vation tliat does not seem to liave Ixicn confirmed (B. 481). 

The avimage annual production of rock salt, during the quin- 
quennia] period 1909 to 1913, was 128,217 tons, of which about 
100,000 tons annually came from the Mayo mines. In 1914 the 
output amounted to 138,542 tons, and in 1915 to 135,519 tons. 


-The rock salt mines of Mandi State were first des- 


Kaiigra') 

(Mamli) J 

cribed by Moorcroft ( 1248 , Vol. 1\ 159) in 1841. and a few years 
later by Jameson (931 — 3, 214) and Parish ( 1363 — 1 , 289), In 
1860 they were visited by Medlicott (1197 — 5, 60), who describes the 
salt as being of a dark purplish hue, quite opaque, and with a large 
almixture, — about 25 per cent., — of earthy impurities. Small nc.sts 
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of pure crystalline salt arc occasionally met wif.ti, and these are 
reserved for the use of the Raja and his hous(;hold (B. 490). 

The precise ag(', of these deposits has not yet been determined. 
They occur in a zone of limestone, shales, and sandstone, supposed 
by Medlicott to belong to the Krol series, and much com])licated by 
trappean intrusions, just within the boiuidaiy separating these rocks 
from the sub-Himalayan Tertiarios ; but in the Manual, tteology of 
India ( 1198 , 558) the o])ini()ji is oxpres.sid that the beds may be an 
abnormal development of tlie Siibathu (nuiimiulitie) group. Jameson 
(Ic.) compared them with the. salt s(‘rios of iOilabagh. in Mieiiwali, 
relying mainly upon the association t>t tln3 salt witlua band of liright 
red ‘ marls ’ and magnesian limestofies. 

The salt is quarried at two loealities hi miles apart, DitAXG 
49': 77'' J') and (Juma (dh’ 58': 75 55'). The method of extract- 
ing the salt, as described by Jamesom is peculiar. Runnels of 
water are led across the face of the beds, and wear <.>ut channels 
in the salt, enabling the itiiners to break olT large blocks with sledge 
hammers. The average annual out])ut, during the live yeai's 1909 
to 1913, was 3, 589 tons. Iti 1914 and 1915 tln^ production amounted 
to 2,792 and 3,633 tons resjiect-ively. 

.Uhiinvali.— lvALAiAxou (32'^ 58' : 71' 37'). The rock salt of this area 
occurs at the same horizon and under tlud same conditions as iji the 
Jholum and Shahpur districts, in what is. geologically eonsidered, an 
extension of the Halt Range to the western sid(^ of tlie Indus. An 

account of tlic locality was given l>y Mohun Lai (1234 l) in 1838, 

when 21 quarries were btang worked. Tiie geology of 1h.e are, a has 
been described l)y Fhuning (591 — ‘h 087) and Wymu^ ( 1975 — -'28, 
210), and the mod(^ of occurrenc<^ of the salt by AVarth. (1892 ~ i'>). 
The red marl in which the salt occurs is (xxposed at the ])as(^ of the 
hill on which the town is built, and exte,iuls nortliwards for about 
2 miles up the va]l(t\' of the Lun stream. Th(i salt Inxls I’ange from 
4 ft. up to 10 or 20 flu in thickness, and are work(‘d in open 
quarries. The salt is usually of the same rculdish colour as that of 
the Halt Range, but mncli of it occurs in transparent (mbes measuring 
several inches on the sid(‘ (B. 483). 

The production from these (juaiTies is includc'd in tin) rf^airns from 
the cis-Iudiis Salt Range. 

RAJPUTANA. 

Bharatpur.— Salt was formerly nuinufaciured, to the extent of 
about 57,000 tons annually, in this State, but the industry was 
closed by arrangement with the (Jovernment of India in 1876 (see 
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Hackot, 730 — 3, 198). The {)r()cess of inanufacture, which was 
Biniilar to that practised in the iieighbouring district of (Jiirgaon. 
^vas described in 1832 by Hardie (764 — O, 331). The brine was 
obtained from wells sunk in the alluvium to depths of 42 to (il ft. 
that from depths of between bl and 60 ft. being the richest in salt. 
The chief (umtres of th<^ industrv' were situated at IfKAKATPUK 
{270 [ 3 .. 770 33 .^^ ^27'" 29': 77'" 23'), and Kumher (27^^ 19': 

77 "' 26'). 

In Wc>stern Rajputana, salt is niatuifactiired froin brine occurrino 
in natural depressions of the surface, which are in some cases con- 
verted into shallow lakes during the monsoon season, and wholly 
or partly desiccated during the eiisumg hot \coatlier. Several sug- 
gestions have been put forward in order to account for the exist- 
ence of the desert salt, and the rc])lenishment of the stores contained 
in the depressions, Jllanford (148’^ -is, 93) supposed that an arm 
of the sea mhy have extemWl in recent times up the valley of the 
Luni R., the wat(n: of which, wlien not in flood, is intejisely sail: : 
and that the Runn of (hitch is a r(Mnnant of this ancient gulf. Ilackel 
( 730 — 3 , 202) thought tliat the salt of the low<u’ ground might have been, 
introduced by the large rivers of the Punjab, which, there is reason 
to believe, once flowed through Rnjputana ; and that at higher 
elevations the suit mav^ be dmived froio conct‘.a!rid beds of rocic 

salt in the ViudJiyaii series. Noctling (see (Iriesl)acli,, 708 31, 1.9), 

after an examination of the Sambhar lake, foinied the opinion th.at 
the brimi was supplied by synings rising along a supposed fault in 
the Arvali rocks beneath tlie silt which fonm the floor of the lalre , 
whil(> La Touche (1034 - -28, 41) suggest ed that the salt brought down 
in solution by the rivers flowing from the Arvali range, instead of 
being carried into the sea in tlie usna! way, is d(‘])osited on the sur- 
face of tlie desert as tin; water cva])orates.. Tln^. (juestion has more 
recently been discusvsed by Holland and Lhristie ( 860 ), who h.av(^ 
shown that there is either no evidence in support of these theories, 
or tliat the explanation they give is inadequate to account for the 
facts. Following u]) an observat.ion by La Touche (1034 — 28 , 39) 
that the fos.sil retnains of foramiuifera ar<^ carried inland by the 
wind from t!io limestone arenas in (Aiteh to distances of over 3t)(.^ 
miles, they instituted a series of quantitative tests, carried out in 
1908 by (Lristie near Pachpadra, wliich showed tliat large amounts 
of salt must be carried into the desert area from the saline tracts 
surrounding the Runn of Outcli during the annual monsoon, when 
the prevailing winds blow from the S. S, W. The results of these 
ex])eriments, which were made under conditions not entirely satis- 
factoiy, give some idea of the magnitudes Involved. Assuming that^ 



SALT, 


all the Halt is carried in the lowest 100 metre layer of the atmosphere, 
it was estimated that tlie (juaiitity of wind borne salt brought into 
Rajpiitana during each hot weathiu' season would be about K10,000 
metric tons ; and tJiat during the same period of four mouths, 
about :h>,000 nietric tons would be brought mto the drainage area 
of the Sambhar lake. 

The following are the priri(‘ipal salt-pj‘oducing !o(’iilitios in this 
region : — 


Bikaiicrc—LoTs^KARA Bar (2<S'' tlO' ; TT' 18'). No dos(M’iption of 
this salt source has been ]>nl)iis)ied. nor ar(i aiiy statistics of output 
recorded. 

Jai|Hir.--KA(Ui()R-}lE\vAssA (;27 " "IV : 75’' 18'). This is a shallow 
depression, and was perfectly dry when visited by [fack(',t (730 — 3, 
201) about the year 1880. Nb) manufactmr^ of salt was then being 
carried ou. 

SAMHirAR (2()'" 51': 75' 15'). 'Phe Sarnbhar lake is the hugest 
of tlu^ Kajputana salt lakes, cov<u“irig an area of. about 90 sep miles 
during tli<^ monsoon season. It lies in, a depression surrounded on 
all sides by schists of the Arvali series, haviiig a drainage area of 
about 2,200 sq. miles, and is fed l)y frmr rivers, — the Menda, liup- 
nagar, ivharian, and Khandel. During the hot S(Uson the lake 
Ijeconurs practically dry. Borings made in 1904 through the silt in 
the bed of the lake readied the floor of Arvali sihist at depths of 
01 to 70 ft. 

Specimens of the silt from the laid of the lake were analyscid by 
Prinsep (1436--2‘>) in 1830, and found to contain ; -NaCi -I9’5 : 
Na 2 S 04 - 10’4 : Insduble matter- 7() () per cent. Analyses made by 
Holland (859“ 3, 247) of four samples of the lake briim eollocted in 
March 1891 show^ul tliat the average quantity of sfilid salts present 
aiROunted to 25 89 per cent., and that the average comyiosition })0T 
ton of salts was:— Sodic chloride 15 cwt. 2 qr. 7 lb. : Sodic carbo- 
nate, 1 cwt. 0 rp*. 8 Ib. : Sodic sulphate, 3 cAvt. 1 (\r. Traces of 
iodiiui and nitrates were found in all the samples, but the presence 
of boracic acid, winch WartJi. (1892— 3 7) thought that lie luid detected, 
was not confirmed. 

From the results of a systematic sampling of the silt in the lake 
bed, carried out in 1905, it was calculated by U'ollaud (859'--5G, 
100) that the upper layer of 4 ft. contained 18,607,000 tons of salt, 
and that the proportion contained in lower lav(‘rs down to 12 ft, 
was at least as great as this. At the same time it vais pointed out 
that the practice of returning the bittern containing the sulphate 
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and carbonate to the lake, after the extraction of the edible salt, 
must result in a depreciation of the quality of the brine, which 
derives its salt from the upper layer of silt. A. scheme for tlie removal 
of the sulphate, by taking advantage of tlio great range o£ tempera- 
ture tliat is available at Sambhar, was suggested by Holland ( 859 — 51 , 
147) in 1905. 

The process of manufacture in operation at Sambhar has been 
described by (‘onolly (349 — 2) and Ashton ( 44 , 120), and a descrip- 
tion of the lake and its surroundings has been given by Woodburu 
( 1960 ). Tln^ brine is evaporated by solar heat in shallow pans 
called hjcirSy until a point is reached when the solution is nearly 
saturated with the sulphate of soda, the chloride being then removed 
for sale. The average amount of salt sent annually I com the lake, 
during the five years 1909 to 1913, was 179,907 tons (B, 478). 


-Dtdwana (27'' 24' : 74" 38'). As described by 


]^Iarwar 
(Jodhpur) J 

Hacket (730—3, 201), this salt lake is about 4 miles long l)y If 
broad, and is quite dry in the Iiot season. Tlie brine is^ obtai?ied 
from wells about G ft.' in diameter, sunk through the silt in the 
bini of the lake i/O a depth of about 15 It. I ho bottt.un of the 
well is pi(U’ced by an iron-shod pole to a furtlier dojith of 2 or 3 ft, 
when the brine rises suddenly to wilhiu 4 ft. of the mouth of the 
well. The brino is evaporated by solar heat in the usual way 

(B. 480). . . ^ 

h.MODi (27" 17' : 72" 28'). No description of this salt source 

has been publislicd. 

Packpadra (25" 5G' : 72" KV). The manufacture of salt at this 
locality was described by Ihirnes (235 — S) in. 1833. laxrge pits or 
trenches arc sunk in the bod of a depression, supposed to be a portion 
of an ancient bed of the river Limi. The salt was crystallised on 
the branches of a shrub called Murari. wliich were thrown into the 
brine and reipovcd every third year. . , ^ , 

The avei'i^ge annual production from this source, during the, nvc 
years 1909 to 1913, was 27,950 tons. 


UNITHO PROVINCES. 

(jihazipur.- -Salt was formerly manufactured in this district from 
brine obtained by lixiviating saline soil. According to Stephenson 
( 1696 — 1 ), the crude salt was calcined witli cowdung and again dis- 
solved and evaporated by solar heat. The crude product is said 
to contain 60 per cent, of salt. 
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JalauD. — At Marhapur (2G'^ 24' : 79"^ 33') salt was obtained 

from the damp sand of the Jumna K. Burt (242—2) gives a des- 
cription of the proccvss of manufacture, and says that 80 lb. of sand 
produced 1 lb. of salt. The spots where saline sand is procurable 
are said to be indicated by swelling up as the brine is eva})orated by 
the heat of the sun. 

SALTPETRE. 

Although India no longer poss(^sse.s a virtual imniopoly in the 
production of the worlds sujiply of nitrates, the saltpetre industry 
still attains consid^n'able proportions. As Ifolland (859 — ^>0. SG) 
has pointed out, the condiiaons ne(M\ssary for the f()nnatio]r of salt- 
petre in a soil, - snppli<NS of nitrogenous organic inatt<‘i' ; climatic 
conditions favourable to the growth of nitj’ifyijig bacteria ; th.e 
presence of potash ; aaid meteorological conditions siiltabh‘ for the 
efilorcKScence of the potassium nitrate at- tlie sur[a('in-“ ar(^ ideally 
presimt in llie Ihhar section of tlie Gangetic ])lain. wIku’c there is a 
dense population using wood and cowduug as fuel, accompanied by 
large numbers of domestic animals, and living in a climate where tiie 
mean temperature is 76'^ F.. witli a diurnal range not exceeding 8" 
above or below 81'^' F., and a humidity of over 80 pin* cent, (.s’cc also 

Stephenson, 1696 o ; Watt, 1903 - b Ml; Ifooper, 868 - -3 ; 

Leather and Mnkorji, 1044 ). 

Th(^ description of the method of mamifatturing saltpetre in 
Tiihiit, as given in l)y Stevenson ( 1698 - t). and t)y the later 

authorities noted above, differs in no essenlhd i’(‘spcct from that 
given in IGGo l^y Thevenot, ([noted in the first volunn^ of the Philo- 
sofhiml Tr(ms(}( (ions ( 1764 ). in November the cfTlorescamt salt ivS 
scraped from tlie surface of old mud heaps, mud buildings, and 
waste ground, and is collected in hca])S at tin; factories by the luniyas 
or native imnndacturers, or shorawalos as they called in northern 
India. The salts are lixiviated in basin-sliapcd clay '^'filters, G to 
8 ft, in diaimdvr, fitted with a false bc.ittom of bamboo covered with 
grass mats. On these a layer of vegetable ashes is placed, and then 
the saline earth, which is trodden down till sufhciently firm to allow 
water to percolate slowly through the mass. The litjuor is eva- 
porated in rows of earthen vevsseis to the crystallising point, and is 
then removed to shallow earthen dishes, sunk to the brim in soft 
earth, where crystallisation is finished in about 30 hours. The 
crystals are taken out, allowed to drain, and stored for sale. The 
mother litpior is mixed with a fresh supply from the filters and 
returned to the evaporating pans (B. 499). 
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The average conipositioji of the saline earth, as determined by 
Stevenson, was ; — KN03^>0-7 : CaG03=^~44'3 : Na2S04-:^2*7 : NaCl 

:=:i*4 : CajN!2Og ™0'9 : Insoluble matter ::=::^r>U‘{) per cent. An average 
sample of the crude salt, taken from several hundredweight of good 
quality, yielded :™~KN03r-“^77‘9 : Na2S04^^9-l : NaCb"-^-8-0 : In- 

soluble jnatter™5-0 per cent. The saltpetre is sold in its crude 
state and taknm to refineries in t'alcutta and elsewhere for purifica- 
tion before being exported. According to Ashton (44, 135), there 
were 33,997 factories of crude salt at work during 1898-99, and 13 
refineries in Calcutta. 

The process of manufacture is practically the same for all parts 
of India. Fur provinces other than Bihar and Orissa, particulars of 
the industry have been furnished by tlie following writers : — 


BURMA. 

SliMcbo. — Strover (1721, 14; gives a list of localities situated in 
the ‘ dry zone ' of U])per ihirina, at whi(‘li saltpetre was niaiuifac- 
tured under Burmese rule. Tlie average outturn, about the year 
1873, is said to have been about K300 cwt. annually. 

Shau States (S.).— Middlemi.ss (1219 - ^^2, 152) mentions the 
manufacture of saltpetre at Nam-tok (19' 59' : 97'- I') from uitrato 
impregnated earth gatlmred from bcmeatli the stalagmitic floors of 
caverns. 

jMAORAS. 

AnaiKapur. -Newbold (1294-10. 142) gives a brief description 
of the process of mauulactiirc at Bellagupa (CF 43': 77'"' 12'). 

Coimbatore. — Newbold (1294 773) states that saltpetre of 

excellent quality is extensively mauufaetured in the neighbourhood 
of CoTMBATOKE ( 11 " 0 ' : 77 ' I'). 


ljJiiiitnr.~-Hcyne ( 834 — 2 , 312) gives a general account of the 
process of manufacture. A large village may produce from 45 to 
50 cwt. annually. At p. 234, Bellamkonda (16" 30' : 80" 5') is 
mentioned as one of the centres of the industry. 

KiirnooL — In the Kuniool Manual (676, 99) it is stated that salt- 
petre is manufactured in Maddikerai (15' 15' ; 77" 29') and Marka- 
vvn (15". 45': 79" 20'). 
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Madura.— Nelson (1286, 24) gives details of the process (»f maun- 
facture. The salt occurs abiiiulautly on the sites of old vilLiges, 
From 450 to 670 cwt. were produced annually about the year 1868. 

Nellore,— Boswell (174, 67) gives a list of the Taluks in which 
saltpetre is produced and de^scribes the process of maiuitaeturo. The 
annual outturn might amount to about 120 cwt> 

PUNJAB. 

Baden-Powcll (60 — l, Vok I, 70) aud Waruford-ljock (1889—1, 
121) give general accounts i)f the sahpetro industry and describe 
the process of manufacture. Filtration is caiaual ou until the liquor 
contains 2 or 3 pea’ cent, of -nitre, winm it is evaporated in shallow 
iron pans. The crude product contauis from 45 to 70 ])(M* cent, of 
potassium nitraten Tin?, province is said to he eapal)h‘ ot producing 
from 4,000 to 5,000 tons of saltpetia? anmially. 

UNITI-l) PROVINCFS. 

Palmer (1361) describes the changes in the soil by which nitre is 
j)roduced. The ))rin(? was evaporated in eartlienware pans exposed 
to the sun and wind. 

Milburn (1224, Vol. IT, 268) has given staiistic.s of the produc- 
timi of saltpetre in India during the years 1755 to 1809, wlien the 
sale was a (loverument jiuniopoly. The average annual export 
durijig the years 1791 to 1805 is estimated to liave been 55.626 bags, 
or about 80,000 tons. The average export for tin? years 1876 to 
1880 (Ball, 71- 45, 500) was 417,659 cwt. Since that thne a gra- 
dual (leeline in the (|uanflty exported set in, tin? av{?rage for the live 
years 1909 to 1916 b(ung '661498 cwt. In 1914 the export fell to 
285,156 cwt. ; but in 1915 there was a decided recoveiy, owing to 
the demand for saltpetre f(u: the manufacture of explosives, to 
418,008 cuft.. 

Considerable quantities of saltpetre are imported from Nepal. 
For the five years 1909 to 1915, the average arnouiit imported annu- 
ally was 9J 72 cwt. 

SAMARSKITE sec under RARE MINERALS. 

SANDSTONE see under BUILDING MATERIALS. 


SAPPfflRE mider GEM-STONES. 
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SCfflST .w wider BUILDING MATERIALS. 

SELENITE GYPSUM. 

SERPENTINE wider BUILDING MATERIALS. 

SILVER 6e6> LEAD. 

SLATE 6^6 wider BUILDING MATERIALS. 

SOAPSTONE STEATITE. 

SODA. 

Reli, The .saline elHoreseence known as rch or kallar, which is 
conunonly found on the surface of the soil in the drier parts of the 
Indian peninsula, is the only source, wirli one excerption, of the in- 
digenous supply of carbonate of soda. Tin* origin of reh has been 
made the .subject of much discussion, especially m connecti(m with 
its deleterious eifect upon the productive capacity of the soil, many 
tracts having been reinlered unlit for cultivation l.)y its growth within 
the last cejitury. hull rc'ports on this aspect of the question, and on 
the composition of the salts concerned, will be found in Vol. XLII 
of ' Helections from the Records of the (fovcruirient of India ' (30 ; 

215; 346; 1197 t ; 1621 ; 1717- i:>: 1820 -2; 1918), and in the 

‘Agricultural Ledger’ (520; 835: 1043-2; 1249-1; 1903-1); 

also in papers coinimmieated to other publications by (’entei- (295), 
Fulton (630), Medlicott (1197 — 55), Oliver (1332—2), and Ward (1888). 

The composition of the elHoresc^mt salts varies considerably from 
place to place, (oinuuon .salt and sulphate of soda are the most 
usual ingredients, but carbonate of soda is fortiuHl when no lime or 
magnesian salts are present in tlie soil. Nitrates are produced where 
the .soil is cliarged with organic nitrogenous matter (see SiLTPETRE). 
Tire salts aie partly ijitrodiiced l)y river watejs but probably the 
greater portion results from the decomposition of the mineral particles 
composing the soil itself by water charged with carbonic acid, and the 
rearrangement of the cluunical constituents. Where the soil is of a 
clayey nature and insufficiently drained, and e.specially where the 
rainfall is deficient, the salts accumulate in the subsoil water, and if 
this lies near to the surface, are brought up by capillary action during 
the hot dry season, crystallising out as an efflorescence as the mois- 
ture evaporates. 
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The carbonate of soda, when present in sufiiciont Cjuantity, was 
extracted by lixiviating the soil as in the preparation of saltpetre, 
and fractional crystallisation. Center ( 295 , 272) has pointed out 
that the jiatural mixture of siilpliate and chloride of soda occiUTiug 
in Teh resembles the product of the first step in the commercial mauu'' 
facture of soda from common salt, and that the salt cake obtained by 
evaporating the brine could be converted into soda by heating it 
with charcoal and kanhar (B. 49G). 

The following occurrences of carbonate of soda have been speci- 
ally noted : — 

ADEN. 

Haines (736-1) states that carbonate of soda is to Im found in 
unlimited (juantities aioug the coast for 10 miles to the E. of Aden. 
It is accumulated iri hollows beyond higl) water mark, into which sea 
water percolates through the limestone pebbles forming the beach. 
Tlie crude salt contains :—Na 2 C 03 t-- 51 *05 : Na( l~: 24'01 : 

19*66 per cent;, with traces of sulphate of soda and magnesium 
chloride. 

BIHAR AND ORISSA, 

Martin (1181, ^ ol, 1. 272) luontioiiK the occurreiic<3 of an alkaline 
clflorcsccnco at sovei-i)! places in tlic soiHlicni part of the Bihar 
division. The nio.st evlen.sivc dept».sits were seen to the iS. of Nawada 
(21' 53' : 8rT' 37') and in Sukkiu’uka. (25''' 8' : 85" 55').- 


BOMBAY. 

(^ii.jarui. — The manufacture of alkali from saline earth found in 
parts of Gujarat is mentioned by Hove (873, J22). 


I'ooua. — Sykes (1736 — 1, 42(.>) mentions the occurrence of carbo- 
nate of Soda at Smi a {18''' 50' : 74" 24,') and Loxi Kaia!1Iak (18'" 29 
74^ 5' 30"). 

CENTRAL INDIA AGENCY. 


(Jwallor 

(iHahva) 


}• 


-Stewart 


(1701-1) 


has recorded the occurrence of 


carbonate of soda on the margins of pools in the bed of the ('irA.MBAT, 
R., where it traver.ses basaltic rocks at its junction near Riplaui>a. 
(23° 21' 30" : 75° 29') with the Chamla (B. 495). 


CENTRAL PROVINCES. 

Buldana. — Lonar (19° 59' : 7C° 35'). The water of a shallow lake 
covering a portion of the floor of a circular crateriform hollow, 300 ft. 
in depth and about a mile in diameter, in the basaltic plateau snrround- 
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ing the village of Lonar, contains a large proportion of the carbo* 
nates of soda, which crystallise out on the drying up of the lake 
daring the hot season, and are used in the nianufaeture of glass and 
soap. Tito physical aspects of the lake aiul its surroundings have 
been described by Alexander (22 --1), Malcolnison ( 1158 - e ; — 8,562), 
Bradley (187 4); and Smith ( 1658 ). The origin of the hollow is pro- 

bably to be attributed to volcanic action of some kind, but it has jiot 
yet been satisfactorily explained. According to the various theones 
proposed, it may be either the crater of an extinct volcano (Bradley, 
1. c. ; Biiist, 228 — le, xiv ; Smith, Z. c. ) ; or it n'lay l)e due to a 
single paroxysmal explosion (Blanford, 148 63; Oldham, 1324 
— 41, 19 ; — 08, 147) ; or to the collapse of tlie central jiortion of a 
large ‘ blister,' elevated by the inrush from below of vajjour or molten 
lava (Or)cbar, 1341 — 1 , 37 ; Nevvbold, 1294 — 38, 40 ; La Touelie, 
1036 . 272). Ball ( 71 — 45 , 493) has suggested a uon-volcanic origiii, 
viz.y a subsidence caused by the falling in of a cavern supposed to 
have existed in the Lameta limestone, which at certain places is 
found cropping out from beneath the basaltic Hows. 

Analyses of the lake brine liave been made by Alexander {1. c.), 
R.eynolds ( 1476 ), Mayor ( 1193 -- 3 ), Wallace ( 1876 ), B1 ynieii {Indtan 
Trade Jour^ad, yol XIV, 228), and lastly by ('hristie (314 — 1). Six 
varieties of salt are collected fro]u the l)ed of the lake as the water 
evaporates during the hot season, eacli containing the following 
percentage of soda, according to f^lymen : — 


r 

; 

Bhud-i, 1 PaprL 

1 

KhappaL I DnUa, 

Dallii 

JSimak, 

Niinok 

Dolla. 


■ 231!) 

24-09 1 40-90 

3305 

1 

NaHC03 , 

27-.53 1 17-21 

13-18 i 33-18 

1 

2(i-09 

8'5S 

dSaCl . . ! 

1 

1 

3-33 1 41-99 

37-45 i 

24-25 

1 

71-11 

i 


The ratio ol carbonate to bicarbonate corresponds very closely 
to that of the compound iirao occurring in otluM' soda lakes. 

Christie estimated that in March, 1910, when the maximum 
depth of the lake was 2 ft., the water contained about 2,000 metric 
tons of sodium cjjrbonate, and that the upper layer of lake mud, to a 
depth of T5 metre, would contain about 4.500 tons. Suggestions 
are put forward in his paper' for the economical extraction of tlie 
s(Hla salts, and the origin of the salts is discussed. 
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Smith, writing in 1856, says that the lake had not been regularly 
worked since 1856, when the o\itput was abinit 460 tons of soda. 
During the five years 1900 to 1915, the total anu)iu\t of soda salts 
produced is estimated at 44()-J tons (862, 289). 

WiirdUa. — Wilkinson (1933, 291) mentions a deposit of reh at 
PaitjnAR (20"'^ 47' : TB"" 41'). The efflorescence is collected and used 
for washing clothes and making soap. 

HYOERABM). 

Walker (1868—5, 187) says that an elHores-ceiu*e ^)f carbonate of 
soda is found at many ])!aces in the northern and eastern districts 
of the State, and is used by wasliermcu and ghiss makers. 

MADRAS. 

(Jiiddapali. — Malcolmson ( 1158 — 2 ) describes a well at Candikot 
( 14.^ 49' : 78'^ 20' 50"), tlie water of which is alkaline and is used for 
fixing the colours in cloth. lie also alludes to the use of eifloroseent 
salts for glass making. 

Salem.— (7im])bell (272— 1») has given a description of the soda 
sehls i]i tlie fci’act known as tin.* J>aramahal, a)i elevated plain iji the 
N, W. portion of the distiict. The efflorescence occurs in patches of 
about half a mile S(juai:e, lying oji beds of hanhir, Tli(^ enid(? salt 
is obtained by lixiviating tlie soil and sprinkling the bi'ine on layers 
of cowdung, which are dried in the sun. It contains about 75 per 
cent, of carbonate, with 25 per c(‘,nt. of insolubh'. matter, and small , 
quantities of common salt and sulphate of soda (B. 195). 

MYSORE . 

thifaldroog.— About 211 toms of soda are maMiifaetured annually 
from vsaline earth at An^ivala (15'^ 49' 50" : 76'^ 14'), according to 
Bambasiva Iyer ( 1548 — 7 , 255). The process is similar to that 
practised in the Salem district, Madras. 

son*. — Saiubasiva Iyer (1548 — li, 40) says that soda earth 
occurs extensively in the Manoya (12'^ 32' : 7G'’ 57') Taluk. A 
sample was found to contain 56 per cent, of sodinin carbonate. 
About 120 tons are marketed annually. 

UNITED PROVINCES. 

Hill (837) has published au.alyses of reh salts from the tracts 
lying between tlio Jumna and Ganges rivers. None of the samples 
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examined contained less than 88 per cent, of sodium carbonate. 
The percentage composition of samples from four districts was : — 
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SPINEL see under GEM-STONES. 

STEATITE and POTSTONE. 

Talcose schist or potstonc is widely distributed among the crys- 
talline rocks of India, and is quarried at many places to be fashioned 
into bowls, plates, ajid other utensils, \vhi(^l). are much esteemed by 
liigh caste Hindus because tluw can be purified after use by fire, and 
do not coninumicate an nnph^asajit taste to the food. CJiloriti<^ 
schists are occasionally turned to the same ])urpose, but are liable* 
to fly to })ir*ces when heateal. The more compact fe)rms of the 
mineral, soapstone or steatiie, are carved into idols and ornamental 
articles, such as tlie deli<-ately cut models of tlie Taj Mahal sold to 
tourists at Agra ; or, when of sufficiently fine texture and free from 
grit, are exported to be made into gas bnimers, or for other purposes 
to which ' French chalk ' is applied. A series of tests on samples 
from various localitnrs was caD'ied out by Mallet (1159—5.1) in 1889, 
and in the following year a note on the specimens selected and sent 
to England for practical trial was drawn up by Royle (1630), who- 
reported that a sample from Maddavaram (Ifr 80' : 78"^ 9') in Kur- 
nool had been found by Messrs. Sugg & (V), to be suitable for tlie 
manufacture of gas burners. 

The averagi; annual production of steatite in India, so far as 
returns are available, amounted to 1,011 tons during the five years 
1909 to 1913. The amounts produced in 1914 and 1915 were ptan- 
dically the same. 
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AFGHANISTAN. 

Medlicott (1197 — “^6), notes that specimens of fine white steatite 
are included in a collection of rocks from the Hanks of Sika/iam 
{34*^ 2' : 69^ 58'), the highest peak of the Safed Koh (B. 44t). 

BENGAL 

Midfiapore. — Blaaiford (148- 278) says that cliloritic and sex- 
pejitinous beds occurring among the gneissose locks in the southern 
part of the district are largely used as potstoiics, or for fine carved 
work in the temples (B. 441). 


BHUTAN. 

Godwin- Austen (669-10, 121) and Mallet (1159^-0, 35) mention 
the occurrence of fragments of pure soft steatite among slates in a 
ravine at Balla (20'' 53/ : 89'' 25'), on the left bank of the Tursa R. 
The mineral has not been found in situ (B. 415), 

BIHAR AND ORISSA. 

Ciittaek.— Stirling (1706, 179) states that potstone occurs in abun- 
dance among the NiL(uru utlls in fhe N. E. portion of tlie district, 
and ill the adjoining sub-Statc of Keonjliar, but does not mention 
any precise localities, (t lias lunn largely used in tin' decoration 
of tlie temples in Orissa (B. 441). 

Shcrwill (1625 - -b 59 ; — o, 18) says that a dark blue 
variety of potsloiie is cjuarried from some small lulls lying between 
tin' Raighir and Barabar hills, and is fashioned into utensils at Gaya. 
A small quantity Avas also quarried from the KnAnAijuNj IJILL, 
close to (iaya (B. 441). 

Manbluim.™ Magnesian schists are of common occurrence among 
the , sub-metamorphic (DharAvarian) rocks traversing the southern 
part of the distri(‘t, and ai’e quarried and turmxl on rude lathes into 
cups, etc. Voysey (1853 — 862) mentions a manufactory of cups 
from potstoiic at Narsingiipur (22'' 45' : 80" 30'), and Ball (71—46, 
111) gives a list of 17 villages Avhere quarries of potstone Avere situ- 
ated, \ying between Mutgoda (22"’ 47': 8G"’ 58') and Molsara (23"^ 3' 
30" : 86^ 3'), Potstone also occurs at a few localities among the 
metamorphic rocks, and some masses are assoin’ated with intrusive 
basic rocks. Compact steatite is not knoAvn to occur in the district 
(B. 442). 
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MayiirbhiiiiJ.— Potstonos, resulting generally {roin the decoiuposi- 
tion of dioritic-looking rocks, are found at several places, according 
to Bose ( 173 — 20 , 173). The following occurrences are noteworthy . 

Three miles to the W. of fJunouRiA, i]i the neighbourhood of 
SiMLiPAHAR (2V’ 52' : 8(r 27'). 

Nulunxvi, 5 miles to the W. of Baloia (21^ 58' : 86" 41'). Uten- 
sils juadc here are said to find a ready sale in Baripada, the capital 
of the State. 

Tirino (22" 31' : 86" 8'), on the Dhalbhuin border. 

An output of 60 tons of steatite from tliis State is recorded iii 
1914, and of 50 tons in 1915. 

Sliahal>a(i.---SlLerwill ( 1625 — 285) says that potstoue of firm 
(|uality is c|uarried at Piteean( 0» on the northern border ‘of tlie 
Kaiiuur plateau, and is exported to Benares. 

Singlihhum. — Polsloiie occurs at several places under the same 
conditions as in the adjf)ining district of Manldium. According to 
Haughton (785 — i, 117), ihe best cjuality is worked at DunRAJPPR 
(22" 34' : 86" 5'). Ball (71 — 4(>, 148) gives a list of villages at which 
quarries are and had been opened. Tliose beiirg worked were 

BfaAif’.MiARi (22" 49' 30" : 86" 22'). Old workings very exten- 
sive, many being 50 ft. deep. 

Dari (22" 41': 86" 15'). Potstone occurs in distinct beds, with a 
nortlLcrly dip of 30 degrees. Shafts are numerous and generally 
from 20 to 30 ft. deep. The stone is soft and easily worked. 

Tikri, to the N. of Ghatsila (22" 34' 30" : 86" 33'). There are 
said to be about 100 more or less extensive quarries close to the village. 
Tlie other localities mentioned are : — 

Domapal (22" 27' : 86" 36'). 

Mutiagara and Sideshar (22" 36' 30" : 86" 27'). 

Koraikela (22" 42' 30" : 85" 36'). 

Palakucua (22" 36' : 8(;" 4'). 

TiLAiJiiOR (22" 35' : 86" 18')--(B. ^42). 

BOMBAY. 

Dharvvar,~~(diristie ( 313 — 1 , 111) says that pofslone is said to 
occur among schists in the S. B. part of the district. Besides being 
used for making cups, etc., it is mixed with lime to form plaster 
which is capable of taking a high polisli. 

Idar.— An extensive bed of sfeatife of good quality was discovered 
by Middlemiss (1219 — 30 ) in 1911 betw-een the villages of Dev Mori 
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and Kxjndol (23'^ 39' : 73*^ 28'). The outcrop extends for more 
than a mile, with a width of over 200 ft., and practicallv vertical 
dip. The steatite is finely schistose in texture, of pale blue grey 
or pinkish grey colour by reflected light, and moderately hard. It 
is free from foreign material and can be easily cut into slalcs and 
pencils. A softer, cream coloured variety also occurs, and har<lm' 
bands that could be carved into durable ornaments. The (juantity 
available to a d('pth of 20 ft. is estimated at over 2 million tons. 

Beds of similar steatite, about 10 ft. in thiekness, were also found 
to the N. . of (JuANTA (23‘’ 3(>' : 73 ' 20'). Tlie outcrop extends for 
about 30 yards along the l>ed of a stream. 

RatiJiigiri.— Aytoun (51 — ‘b 82) mentions a quarry in potstone 
at Asgani (KB 13' : 73 10' 30"). 1.0 miles from the sea coast at 

Malvan. Thick veins of tale were observed by Gibson (654-2, 113) 
cropping out in. several plae(‘s from beneath the covering of laterite. 
The stone was shaped into cooking utensils, etc. 


BURMA. 

Steatite is foiiud ill many places in association witli masses of 
serpentine intrusive in tlic ‘ (.'liiii sliales or ‘ Axial group ’ of the 
Arakan Yoma. Its mode of occurronce has been described by 
Theobald (1763—12, 43 ; — 16, 336). who states that it is not con- 
fined to the serpentiues, but that it is found also in the altered rocks 
along the margin of the intrusioms. The following occurrences have 
been specially noted : — 

Kyankpyu.— The stcafilc mines situated between 3 and 4 day.s’ 
journey (aliout 30 miles) to the W- fd HrA-.MNG (20'^ 1,3' : 94'' 23') in 
the Minbu district have been described in detail by Hayden (793 — 2). 
The steatite occurs in thin veins, expanding in places tn 8 or 9 inches 
in width, ramifying throngli dark green serpentine, and liable to 
thin out and disappear at any moment. About 26 pits had been 
opened, of which four were in operation at the time of Hayden’s 
visit. The passages are extremely narrow and tortuous, with no 
attempt at ventilation. A .sample from this locality tested by 
Mallet (1159 — 6i, 67) was of good (juality. pale green in colour and 
compact, and cut freely. 

Mallet also mentions (1. c., 66) steatite mines at Mying.aiik hill 
(not shown on the map) in this district. A sample was similar in 
quality to that from tlie mines W. of Hpa-aing, but. was contaminated 
with ferruginous impurity. 
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Minbii,— An occurrence of steatite in serpentine near Bknlan 
54' : 94" 2)V 30"), discovered in 1895, has been recorded by Hayden 
(793—2, 73). The steatite here is procurable in blocks half a cubic 
foot in size, and is said to be of good tjuality. 

Proine. — Theobald (1763—12, 43) has described the occurrence 
of steatite at Shtnuaian hcll (18"^ 57' : 94"" 56'). . The mineral is said 
to be fou>d in regular layers from 6 ins. to a foot in thickness, or in 
.nodules enveloped in a matrix of fibrous quartz. 

Saudoway. — Steatite is described by Theobald (1763 — 10, 338) as 
oceiUTing on a low hill about 3 miles to the N. W. of Sandoway (18^ 
28' : 94' 24 ) in veins of fibrous quartz traversing sliales and con- 
glomerates. A small (juantity of the mineral had been extracted, 
but only small pieces could be obtained of the fine quality used for 
writing purposes. 

The production of steatit-e in Burma amounted on tin? average to 
K) tons annually during the four years 1909 to 1912. Some of tliis 
output is said to have conu^ from the Myitkyina district and the 
Pakokku Hill Tracts (862, 292), but )i(> account of the occurrence of 
steatite in. those districts lias been publislied. Bince the year 1912 
tlie production appears to have ceased, probably because the use of 
steatite pencils, formerly universal in Burma, has been superseded 
by pen and paper. 


CENTRAL PROVINCES. 

Khuiidara. — Hislop and Hunter (843, 380) note the occurrence of 
light coloured varieties of potstone at Birou (2r' 21' : 79" 54') and 
Dfxi, near Hampajli (2H 40': 80' 4'). Bure white steatitic schisl 
occurs at Ivaxeri (21' 2' : 80‘" 10' 30") and other localities to th.e E. 
of the Waingaiiga R. (B. 443). 

A sample from Kaneri tested liy Alallet (1159 -■''>1, 04) was of a 
Imif colour, crystalline in texturtn and intersected liy occasional 
thin veins of crystallised talc along which the stone breaks easily, 

i'handa,— An extensive devel(»pment of d ark coloured potstoiie 
with a metallic lustre, at Jambal (.Ihat (20'’ 33' : 79^ 31') is mentioned 
by Hislop and Hunter (843, 380). The stone frojn this locality is 
said to have been sjKwaally reserved by the Mahratta authorities for 
carving into idols (B. 443). 

Jiibhulpore. — The occurrence of beds of lalcose seliist a]ul steatite 
in a series of calcareous schi.sts on the north side of the Narbada R. at 
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the * Marble: Hocks' (23'"^ T : 79"" 52') was recorded by Medlicott 
(1199-3, 137) in 18()0. .According to Kernior (577-33, 203), the 
steatite forms pock(ds in the dolomite of tlie gorge. A sample from 
this locality exannned by Mallet (1159— Til, 64) was white with 
pale reddish blotches, and soToewhat schistose. It cut very freely 
into slices with the foliation, but with difficulty across it. 

The deposits are •now being worked by Messrs, ik V. Dutt and i>y 
Messrs. Burn & <0. Concessions on the south side of the river at 
(iowARi (23’' <)' : 71C 58') and Laij’UK (23'" 7' : 7tC 51') have also beam 
taken up by the lionibay Mining & Prospecting Syndicati^ ( 868 , 
291). The average (juantity raised annually during the live years 
1909 to 1913 was *176 tons. Tln‘ figures for the years 1914 and 1915 
were 502 and 329 tons l espectively. 

leotiiiab— In the Berar Gazetteer (1107, 27), Lyall states that 
soapstone of fine grain and snseeptible of a good polish is plentiful 
witliin a few miles of the town of AVun ( 20"' ;V : 79^' r)-~-(B. 443). 

IIYDP.RABAI). 

Heyjie (834— 2, 272) mentions the use of steatite for ^Yriti^g on 
wooden tablets, wliich were ])rej)ared by rubbing over with the 
juice of green leaves. Wlien powebna'd it was used for iin])arting a 
gloss to the surfaf'.e of tine plaster. The steatite was obtained from a 
place called Anani:(u\b.\i_) (B. 441). 

Warangal.-— Walker (1868— 4, 222; 5, 187) says that- a coarse 

variety of steatite is frequently met witb in this district. It was 
quarried and sha])e(l into vessels at Daivirnapjtjj (‘f 17"' 45': 79'^ 35') 
in th(‘, Viziajiagar pargana. and at SiTtKU.LA (I8'" 23' : 78" 53') and 
MaitpallM?) ill Ai^undel. 

MADRAS. 

Anaiitapiir. --Ab'wbold (1294 — J<», 141) mentions that potstoiie is 
said to be quarried at HKiJOirpinni (MIkJ)!)!™.!.!, 14' 43' : 77 ’ 45'), 

Among the samples tested by Mallet (1159—31, 62) was one from 
NABJAMrALLi (IH 33' ; 78'' 5'). Jt was of good (jualiiy, cutting -very 
freely, compact and free from grit. It is said to be procurable in 
abundance. 

Arcot (N.).— A sanqde of steatite from Pathur (13"" 15' : 79"' 4.' 
30") was among those, tested by Mallet (1159-51, 6)1). It was pale 
green in colour and nearly compact in structure, l)iit traversed by 
thin veins of crystallis(‘d tale which render it brittle. The specimen 
was free from grit and rather hard to cut. 
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Bcllary.-Potslonc occurs in several parts of the district, accord- 
iiig to Foote (696 — 39, 20))), and has been largely used in the decora- 
tion of the temple. The most extensive deposit forms Nii.gunda 
Hill (14''' 44' : 7r)\o7'), and extends for )) miles or more to the 
southward. A disused quarry of good grey potstone was seen at 
Anguk (14"' 57' 30" : 75'' 49') on the Tangabhadra K. ; and unworked 
bands about a mile to the W. of HAiiAprANUALLi (fd"' 48' : 76"^ 2' 30"), 
as well as a mass of ratlier coarse stone formifig Ailsapur hill (14"' 
40' ; 70"' 5'). On a low rise to the N. of this hill are several pits, 
from whicJi greenish grey sfcatite of good quality was raised and 
shaped inU) bowls and platters. A similar stone was quarried for 
the same purpose at Som alapukam. (15"" 2' : 70"' 34'). Samples from 
this locality tested by Mallet (1159 — 02) were j)ale green in colour, 
somewhat (uystalline in structure, and cut freely. Two of the 
samples were free from grit. 

Outputs of 25 and 28 tons were reported froiu this district in 
1914 and 1915 respectively. 

ColuibalmT.- -Two samples of steatite from the KoUegal Taluk, 
one of wliicli caim' fi’om .]4i>amara‘kahall,i (12'' 5' 30" ; 77'' 2()' 30")^ 
were pronounced by Mallet (1159-“- i>l, 03) to be rather gritty, ])ut 
easily cut. Both samples were finely eiystalline. 

Kuniool.— Dhoak (15^ 23' 30": 77" 50'). Kewbold (1294-~5i 
478) mentions the oecurrence of beds of steatite of liiu^ quality near 
the village. It was used in some quantity for niakitig pencils. 

Mahdavaram (15" 30' : 78" 9'). The occurrence neai' this jilace 
of thin layers of steatite among the sliales of the Faupagluii group, 
or iovvest mendier of tlic (hiddapah seiles, was noticed by King 
(987™- 7, 1()0) in 1872. The stone wyas quaniial and made into 
pencils, paper w'cights, etc., at Kurnool. The quarries are said to 
eo\'er a s(|iiare mile in area. Some of the sanrphjs tested by Mallet 

(1159 31, 01) were of excellent quality, ajid were pronounced by 

experts in London {s(e Royle, 1520) to be superior to any others sent 
from India. King (987 - ts, 2) remarks that the steatite beds are 
not more than 3 or 4 inches in thickiu's.s, and that blocks of the size 
required, 0 ins. cube, are not olitainable. 

After thorough prospecting of the dejiosits liere and at Musila 
C iiERUViT, near Betamcherla (15" 27': 78M3'), a mining lease 
was secured by Mr. A. Ohoso in 1912, and a market, for the steatite 
was obtained in America. The output in 1913 amounted to 545 
tons, and in 1914 to 210 tons. No returns appear to have been 
received for tlie year 1915 ( 862 , 292). 
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PKiNDEKALLU ( 1 Tr 22' 30" : 77'' 41'). SU*:utitf (juarrie.s are said 
to b(‘ situated 7 uiiles from the railway station, and to cover an 
area of 10 acres. A sample tested by Mallet ( 1159 - 51, 02) was pale 
green in colour, and very slightly crystaHine in structure. It was- 
soft, easily cut, and free from grit. 

In addition to tliese h)calities, slealite is inontioned in tlie Kurnool 
Manual (675, 97) as occurring at tlie villages of AunAPUUAM and 
Balapalapallt, both of which are situateil near Hetainchcrla. 

iVellore. — A sjnsll production of steatite, amoiintiiig on tlie average 
to about 40 tons annually during the years 1913 to 1915, is recorded 
from this district, b. rlv Oldham {see King, 987 — 1", 103) noted 
the occurrence at ugoipaijj (IP-’ 13' 30" : 79''' 17' 30") of highly' 
talcose gneiss, wlilcli was (juarried to a small extent and worked 
into small pots, figures, etc. Talcos<‘ s(‘hists are said (p. 134) to be 
well developed in a belt of schistose gneisses, exposed on the south 
side of the Pennair R. from Kaluvava (14"" 31': 79'^ 28') to Baida- 
PUHAM (14"' IJ' : 79"' 48'). 

Salem.— -King ami Foote (988, 324) mention a bed of stealitc 
which crosses tlie Ishwaramalai, and is largely worked at Tandaiujn- 
DAPALAIY.\M (TaNDAKAVUNDAN-PALA r YAM, IP' 33' 30": 78"^ 27'), on 
the western side of the hill, where great quantities of utensils were 
being made. Bpf'einHuis from this locality tested by Mallet (1169 — 51, 
03) were pale grey iji colour and rather gritty, containing disseminated 
crystals of dolomite and chlorite. 

Camphell (272 — 213) and Le Katm (1048, Vol. I, 103) also 
mention the oecurretice of extensive beds of polslone in this 
district. In addition to the locality noted above, IhuJMAiPATTJ (11"" 
9' : 78"^ 2P), Karuppur (IV 43' : 78"' i)'), and Sjioragamalli (? 
i^iTRAMANOALAAT, 11"* 40' : 78"‘ 10') are specially mentioned (B. 440). 

South Haiiara.— A sample of steatite from Man avalikO (12"" 47' ; 
75"^ 26' 30"), tested by Mallet ( 1159 — 51 , 63), was pale buff in colour 
with reddish specks in places, and schistose iji structure. It was 
free from grit, cutting easily in slices parallel to the foliation, but not 
across it. The quarries are said to cover 600 sq. yards. 

Trichinopoly.—Muzzy (1278, 92) states that an extensive bed of 
potstoiie occurs between Mustri (10"' 57' : 78"^ 30') and Kanxanur 
(I]"' 5' : 78"" 36'), and is quarried to be made into cooking utensils. 

Vizagapatam.— Outcrops of coarse grey potstoiie were observed 
by Walker (1872 -2, 168) at numerous places to tlie W. and B. W. of 
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Jeypoke (IS"^ 51' : 82'^ 38'), Ifc is worked near Noapur and Onta- 
GAON, about 3 miles from »]oypore, for buildinjj^ purposes and carving 
into idols. It occurs also on the Ramgiri road near Modpodor (18"^ 
46' 30" : 82"^ 23'). The largest masses were seen on the Malkongiri 
road, 5 miles beyond Kolar (IS"" 42' : 82" 2(V 30"). Il'ere the potstone 
alternates witli quartzites and well foliated biotitc g?ieisses. 

MYSORE. 

€liitaI(Iroog. — A ndanuk (14'" 13' 30" : 76" O'). The (juarrying of 
pokslone at this place is described by Sambasiva Iyer (1548 — 7, 2r)()). 
The stone is mainly used for making water troughs for cattle. 

UcHiNoi Drug (14 " 45" : 76^" 51'). A band of coarse potstoiie is 
described by Foote (596— 34. 00) as occurrring between th.e grani- 
toid gneiss forming the mass of Uchingi Drug and a narrow band of 
Dharwar rocks on the eastern side of the hill The potstonc contains 
numerous crystals of greenish wlute taly. 

llaSvSaii.— HATmETB (13'" 13' : 7(r' 3'). large quaj-ries of polstoue 
at this place are mentioned by Foote ( 596 '-- 45, 72). who calls special 
attention to the value of the material as a decoratAe building stone 
(see also Newbold, 1294 — 20, 10) — (B. 440). 

KaOur. — S akkarepatna (13^' 26' : 75'" 50'). Potstonc is quarried 
on a large scale here, according to Primrose (1431 — 8, 221), to be 
made into cooking utensils. 

m soro. — Primiosp (1431 — 9, I5G) ba« recorded the oeeurreiiee of 
two masses of potstonc in tlie. district ; — 

(1) To the S. of Musanhayanhali,! (12° 24' : 7()° 23'). The stone 
is of good finnlity- and has been used in the decoration of the Palace 
at Mysore. 

(2) A quarter of a mile N. of Taluh (12° 12' ; 7G° 40'). The 
outcro]) covers a considerable area, hut the stone is uneven i)i qua- 
lity. 

Sliinioga. — Potstonc quarries at Kavalkdurga (13° 43' : 75° 12') 
are mentioned by Sambasiva Iyer (1548”- -7, 2r)G). 

KAJPUTANA. 

.laipiir. — Samples of .steatite from the following localities were 
among those tested by Mallet (1159 — 5l, 64). 'riie occurrences ia 
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the field have recently been examined by Heron isec Havden. 
793 — 28 , 21 ):~ 

(1) Dogetha (27‘" 7' 30" : 70'^ 20^), 2^ miles to the N. E. ot Haialo. 
Colour milk-white or faintly tinged with green ; cuts verv {n*ely. 
The deposit is quite structureless, and is excavated over a width of 
30 yards, along a lejigth of 50 or (>0 yards. Pieces n\) to a foot in 
length can be extracted. 

(2) Giscakh (2C^^ 53' : 42'). Colour green ; highly schistose 

in structure, and rather gritty in cutting. The lx‘d is about 2 ft. 
thick. Blabs of large size ai'e obtainable, but not more than 3 ins, 
thick. 

(3) Morra (2(C' 48' 30" : 7(C 52' 30"). (‘olour pale green : verv 
finely crystalline and somewhat schistose in structure, ('uts easily 
parallel to the foliation, but with (lilHculty aeross it. The dojiosit 
extends for 5 miles, the steatite occurring ni pockets coucentrati‘d 
from talcose schists. One of the l>eds measures 25 ft. in lluckness. 
According to Ibickct (730—4, 250), the stone of wliich models of t,ln^ 
Taj Mahal and ornannuital carvings are made at. Dellii and Agra, 
comes from this locality (B. 443), 

Traces of s(ca(i(c were also ol)s(‘rved by Heron in a well at Kawa 
( 2(r 4G': 70' 34'). 

UNITED PROVINCES. 

Almoriv.— A deserted steatite mine, situated about 4 miles to the 
B. of Bagksah ( 2it 50' 30'' : 7tC 50'), is meutioned by Madd»m ( 1151 — 
2, 230). The occurrence of soapstone at this locality was also 
noted by Hughes ( 890 , 183). The mineral is saiel to occur in larg'e 
detached masses. 

Madden (1151—3, 590) has laxorded the occurieuce of steatite 
near the summit of Thakil igll (29“' 30' 30" : 80^ Hi'i near Pitliora- 
garli. The steatite is said to be of good (juality. 

liarhwaL — The occurrence of a wlute saponaceous stone at many 
places in Garhwal is mentioned by Traill (1797 — ‘b 159), but no 
definite locality is specified. The stone is said to l»e turned into 
cups, etc., but being rather brittle it is little used. 

An average annual production of 150 toiivS (.>f steatite was recorded, 
during the five years 1910 to 1914, from the districts of Hamirpur 
and ihansL No description of these deposits lias yet been published. 


STRONTIUM sec under SULPHATES. 
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STJLPHATES— COPPER & IRON. 


SULPHATES-COPPER. 


RAJPUTANA. 

Jaipur.— Blue vitriol, or sulpli?ite of copper, has been manufac- 
tured for many years as a bye-product in the preparation of alum at 
the copper mines of KHF/i'Ri (28° 0' : 75° 51') and Singhana (28° 
6' : 75° 54'). The process has been fully described by Brooke (203 
— 2, 525). The shale from the mines, mixed with the efflorescent 
crust that forms on the refuse heaps of previous lixiviations, is 
steeped in water. The liquor is then boiled, and when sufficiently 
concentrated sticks are introduced, on which the d)lue vitriol crys- 
tallises. The outtmm is said to be about 8 lb. of sulphate from about 
10 cwt. of the mixed shale and refuse. Heron, who visited the mines 
in 1913 {f>ee Hayden, 793 — 3i, 19), says that although the produc- 
tion of copper has ceased, the manufacture of alum and of copper and 
ferrous sulphates is still carried on (B. 431). 

IRON. 

BALllCHISTAN. 

Jhaliiwan.— Hooper ( 868 - 2) lias described specimens of iiielau- 
(erite or copperas f,T‘om Jhalawan, wliere it occurs in several places as 
an efflorescence on pyritous shales, and is used in dyeing in con- 
junction with pomegranate husk to produce black or deep green 
colours. Samples from the Latjon pass and Kil Cuotok, in the 
neighbourhood of Khozdae (27° 49' : 66° 37'), contained 30T and 
27-36 per cent, of anhydrous ferrous sulphate respectively, with 
about 4 per cent, of alumina and 3 per cent, of sulphate of lime. 

V^redenburg ( 1864 — 1 , 278) has described a series of andesitic 
lavas and tulfs in the neighbourhood of the extinct volcano Koh-i- 
Sultan (29° 10' : 62° 45'), wliich have been altered by solfataric 
action into lithomargic clays, some of which, known locally as niak 
or giri. of a pale yellow colour, contain sulphates of iroji and alumina. 
The iron salts are used in combination with certain vegetable subs- 
fances and alum to form dyes of various colours. 

Zliob. — Hutton (900 — 597) says that sulphate of iron is 
brought from the Kakar district, lying to the north of the Zhob 
valley. It was used for watering and polishing the blades of swords. 

BIHAR AND 'ORISSA. 

Shahabad.— Sherwill (1625—5, 284) and Mallet ( 1159 — 3 , 121) 
mention the occnTrence of an efflorescence of sulphate of iron on the 
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SULPHATES- IRON & MAGNESIUM, 


surface of the ^ack pyritous Bijaigarh sliales, exposed at the base 
of the scarps of Kaiunir sandstcme in the Tieiglibourliood of Kohtas- 
OARii 38' : 83'^ 58'). A sample of the erud(^ salt, purchased in 
the Patna bazaar and analysed by Stevenson ( 1698 - 3). contahud 
39 per cent, of sulphate of iron, 36 per cent, of iron peroxide, and ’33 
per cent, of magnesia. It was used by the native dyers (B. 119). 

BURMA. 

Aniliersh — A coitions efflorescence of sulphate of iron on tlie 
surface of beds of lignite exposed near the source of the Ataran K. 
is mentioned by O'Riley (1340- 2, 395). 

Myingyaii, — Pascoe (1369 — l, 219) mentions the octairreiu-o of an 
efflorescence of ferrous sulphate, niixed with ferric sulphate, on 
moist porous Miocem^> sand exy)osed in the IvvAUNri Ma. near Satteix 
( 21^ 3' : 95^ 19'). The compound salts are us(‘d by the l>urmes(i for 
medicinal purposes. 

PUNJAB. 

lliauwali. — Shales containing fevrous sulphat(‘. and alumina, asso- 
ciated with alum shales exposed in tlie (iUTTA \V/.han, near Oarhi 
or Pai Kuel (32^ 47' : 71"^ 38' 30"), are nnmtioned by Wynne (1975 - 
18, 302). According to Baden-Powell (BO-'h Vol. 1, 66), (he shale 
is steeped in the niotllcr liijuor from wdiieh ahim lias crystallised, 
and is then spread out to dry in the sun. Th(‘ ])rocess is rept^ated, 
and the efflorescent salt, called bihi, is used for dyeing leather or 
cloth grey or blade. 

UNITED PROVINCES. 

Ahnora. --Herbert (827 - 1), 229) says that an efflorescence of 
sulphate of iron occurs abundantly at the liot s]>rings in the valleys uf 
the Ramganga and (tarjia rivers. 

Tlir/aipur. — Sulphate of iron occurs in a ravine ai Iailau (Ojat 
( 24'^ 32': 83^ 19') under the sanie conditions as near Rohtasgarh, in 
the neighbourii^ district of Sliahabad. Osborne (1345, 844) men- 
tions a hisis (co]>peras) mine at this locality. 


MAGNESIUM. 


BENGAL 


McClelland ( 1117 — 24 , 256) gives directions for the preparation 
of Epsom salts from the bittern or mother liquor produced at salt 
works in the Calcutta Salt Agency. The l:)ittern is said to contain 
4'8 per cent, of magnesium chloride. 
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SULPHATES— MAGNESIUM & SODIUM. 


MADRAS. 

4 * 

Salem.-- An experinieTit in the preparation of Epsom salts from 
Salem magnesite is described by McClelland (1117—28). It was 
found that 381b. of the calcined magnesia would yield 144 (? 114) 
lb. of the sulphate. 

PUNJAB. 

Jheliim. — A lenticular bed containing potash salts associated witli 
kieserile,”- hydrous sulpliate of magntisia, — was discovered by Warth 
( 1892 — 8 , 408) in the Mayo Salt Minos at Khkwua (32° 39' 30" : 73° 
4'). The kieserite, according to Ts<.*hermak ( 1808 — 7 , 136), occurs in 
grains with a mvaximum diameter of 12mm., and in places appears to 
be compact. Tw(j specimens analysed by Tween (scr Wynne, 1975 — 18 , 
80) yielded 7-78 and 58-02 per cent, of magnesium sulphate res])ec- 
tively (B. 437). 

Other occurrences of the same nature in these mines have been 
described by ( hristie (314 — 1, 243). 

Kaugra. — A ccepious elllore.scence of sul])hate of magnesia was 
observed 1)y Mallet (1159 — U 160) on the surface of the black pyritous 
slates from which the gypsum deposits near S]fALK.\K (32° 0' : 78° 
37') and other localities in Lower 8piti have beeii derived (B. 437). 

SODIUM. * 

BIHAR AND ORISSA. 

TJie salim‘ cfllorescence known as reh or Irilhtr (see SODA) usually 
contains a considerable proportion of sulphate of soda or (ilanber s 
salt. Specimens from Tirhiit analysed by vStephenson (1696—2) 
yielded 58 per cent., and from Lawnpore, anahsi'd by Spry ( 1687 — 
l), 50 per cent, of this salt. Watt (1903 — b 135) has given a brief 
account of the method of preparing (jlauber's salt by lixiviatioii and 
evaporation of the efiloresceiice (B. 495). v; ,, 

An average annual output of 17,731 tons of sodium sulphate, 
obtained as a bye-product in the manufacture of saltpetiag is in- 
cluded in the returns from the districts of (liampHrain Mo/ 4 ifltai*|nir^ 
and Saraii, during the years 1908 to 1913. 


BURMA. 

8lian vSlales (A.). — The water of the saline well at Bawgyo (22° 
35' ; 97° 17'), described under the lieading SALT, contains an appreci- 
able amount of sodium sulphate. It was estimated by La Touche 
(1034 — 22, 100) that the wadi, if wwked to its fullest capacity, might 
produce about 70 tons of tlie sulphate annually. 
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SULPHATES-SODIUM- SULPHUR. 


PUNJAB. 

Jfiiclimi.- Tsehcrmak ( 1808 — 8 ) has doscribed an (KanuTCMice of 
glauberite ui the Pliarwala seam at the Mayo Mines, Khiiiwra 
(S2'^ 39' 30" : 73' 4'). The glanberite is found in crysttils ’from 1 to 
2 cm. in length, forming druses on rock salt. 

RAJPLITANA. 

Jaipur.— The existence of a considerable ])roportion of sodium 
sulphate in tlie brine of the Sambuar lark (2(i ’ 51/ ; 75 ' 15') has 
been mentioned under the heading SALT. Holland ( 859 —:}, 2t7) 
found that average samples of tle^ \m\w. contained o cwt. 1 f|r. per tmi 
of the total salts, and has suggestrd (859--r>L l iT) a scheme for the 
recovery of the sui|diate from the bittern, instead of j'cturning it to 
the lake, UvS lias hitherto been the practicav 


STRONTIUM. 

BOMBAY. 

Sind. — Iflanford 190) mentions tbe discovery by 

Peddon of crystals of celestUc. — strontium sulphate, — sparingly 
scattered, over the surface of tJie Kliirthar liniestojie hills of the 
Kohistan, especially on the eastern side of the range E. of Tjiano 
Bule IvirAiY (25'^ 22' : 67*^ 53' 30"). The mineral occurs in crystalline 
nrdules the size of walnuts (B. 474). 

NORTH WEST I RONTIER PROVINCI:. 

lioliat. — Wynne is reported to have found cclesfhe in red clays 
of Tertiary age near SupoAir (33' G' 30" : 70' 59'), It did not 
appear to be abundant (B. 474). 

[Hee also ALUM, BARYTES, and GYPSUM.) 

SULPHUR ami SULPHIDE ORES. 

8ulpluir \Yas fornumly produced at a mimber of places in India 
and Burma, either from deposits formed l)y the natiual dectunposition 
of pyritous miiierals in the neighbourhood of hot springs, or by 
distillation from iron pyrites; l)iit only on a comparatively small 
scale for use as an ingredient in gunpowder or fireworks. No ade- 
quate attempt has yet been made to ascertain wli ether these indigen- 
ous deposits are suitable for the manufacturer of sulphuric acid, which, 
as Holland has pointed out (859 — ^>0, 117), is the key to most chemi- 
cal and many metal lurgical industries. Without an abundant supply 
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of this acid, the country is unable to utilise to the fullest extent many 
of its raw materials, or the bye-products rendered available in in- 
creasing quantities by the development of the coal and iron indus- 
tries ; but is compelled to satisfy the demand for chemicals by im- 
portations obtained, at a cost of several millions sterling annually, 
from foreign sources of supply. A certain quantity of sulphuric acid 
is manufactured for special pinqroses at works installed in Calcutta 
and Rangoon, but in each case the raw material employed is im- 
ported. 

The following occuiTcnces of native sulphur, or of the minerals 
from which it juight be obtained by distillation, have been observed 

(sic (tko .lUUI, (lOPPER, LEAD,' and ZI.XC) 

AFOli.ANISTA.N. 

Drummond ( 504 — 2 , 92) remarks that sulplnu is said to be found 
in great abundance in the Hazhra Jat. but docs not mention any 
precise locality (B. 157). 

Nodules and small veins of sulphur were observed by Hayden 
(793 — 22. 37. OG) in gypseous shales occurring near the base of the 
Tertiary group in the neighbourhood of l)A8UT-i-S,iFEi) (35° 20' ; 
67" 55') in Kahmard. 

ASSAM. 

Lukliiinpiir. — M akum (27° 18' ; 95° 11'). Pyritous shales are as- 
sociated in large quantities with the coal seams of Up])er Assam {see 
Mallet, 1159 — 2, 301), but it is doubtful whether they contain a 
sufficiently high proportion of sulphur to be profitably worked as a 
source of supply. 

BALUCHISTAN. 

Koh-i-Sultan (29° 10' : 62° 45'). The andesitic lavas and tuff 
beds surrounding the, extinct volcano of Koh-i-Sultan are described 
by Vredenburg (1854 — 1 , 278) as having been altered by solfataric 
action into brilliantly coloured, soft clays, impregnated with gypsum 
and occasionally sulphur. This is extracted by heating the clay in 
large caldrons over a lire of brambles. As the sulphur melts the 
lighter impurities are skimmed off with a flat iron ladle, the heavier 
ones sinking to the bottom. The sulphur is finally decanted into 
basin-shaped moulds. 

Balau Pass. — Tipper (1787 — 5) mentions the. occurrence of sulphur 
in massive limestones of upper Cretaceous age at Dbaj Bent and 
Gokurth, but the outcrops are much obscured by sinter deposits. 



SULPHUR. 


Kacithi. Sanni (29'-'' 9' : 67° 37'). Snlpliur was formerly mint’d 
on a somewhat extensive scale at thi.s locality. If.uttou ( 900 — s, 
564), who- visited the miire in 1846, says that {here were several 
chambers entered by adits, and that the nriueral was abundant, 
occurring both in a massive form and in crystalline aggregates of 
octahedral prisms. The criid*; sulphur was tahen to Bagh, 40 miles 
to the E. of Sanui, to be purilied, according to Masson (1189 - 
463), by boiling with oil. The mines are said to have been work('d 
by the Amir of Afghanistan, but were c1o.sed at the time of the British 
occupation, and have been partly de,stroyed by lire. In 1906 the 
mine was inspected by Tipper (1787— ".), who says that the sulphur 
occurs in veins and impri^gnatioris in Siwalik clays, and that some of 
the bands are .so filled with it that thev burn' with ease. Holland 
(859 — 00, 51) mnarks that the amormt of, sulphur inipreguatiug the 
rock seems quite sutlicieiit to hold out prospects of reiuunerative 
working (B. 157). 

Las Bela. — Vredenburg (1854 — “<>, 208) mentions the occurrence 
of sulphur in connection with a number of intensely saline springs 
near Kan Berar (25° 29' : 66° 3'), at the southeni end of the range 
dividing the Porali from the Polir It. west of Sonmiani. Veins of 
sulphur and salt were seen in the saiidstom^ clifis overlooking the 
springs, but the amount exposed is small and probably not of eco- 
nomic value. 

DIekraii. — Goldsmid (673 — 1, 203) remark.s tlial much sulphur j,s 
procurable at Oolkurt near Karghari (25° 27' : 64° 9'), oii the 
Mekran coast. 

Sil)h — Crystals of sulphur occur in cojisiderable cpiaiitities, ac- 
cording to Townsend (1794— 1. 208), in the stalagmite deposited by 
hot springs near the petroleum wells at Kiiattan (29° 34' : 68 ' 31'). 

BARRLN ISLAND. 

The deposits of sulphur on the volcanic cone of Barren I. (12" 
17' : 93° 51'), which has been in a solfataric stage of activity since the 
early years of the last century, appear to be too small in extent Uj be 
workable on a commercial scale. It was pointed out in 1858 by 
von Liebig (1070, 304) that although the deposits on the upper two- 
thirds of the cone appeared to be large, it is doubtful whether they 
would be renewed with sufficient rapidity to enable them to bo 
worked continuously. Mouat (1263 — 3, 114) and Ford (602, 215) 
considered that the amount available is very small, and this 
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opinion was endorsed by Ball (71 — h>, 88; — 4i, 25), who says that 
deposition proceeds only at the summit of the cone, and that it takes 
place very slowly. Mallet (845, 278) found that the deposit was 
quite superficial, not more than 2 or 3 ins. in average thickness, and 
roughly estimated the quantity available as not exceeding a few 
dozen tons. He also found that the ash beneath contains only an 
insignificant proportion of sulphur. Finally Prain (1424 — l), writing 
in 1891, states that the deposit accumuiated at the principal solfa- 
tara since the year 1881 was only 2| ins. in average thickness, and 
that the crusts formed at the two vents next in size did not exceed 
one inch (B. 161). 

BIHAR AND ORISSA. 

Mayurbliaiij. — Bose (173 — 20 , 170) remarks that iron pyrites is 
disseminated in some abundance through talcose and trappeaii 
schists at several places. The Malamohatti pass (22"^ 29' : 86^ 13') 
on the Dhalbhum frontier is sp(^cially mentioned, 

SiugUbhuiu.— The sulphide ores of the Singh bhiirn copper belt 
(see rOITEU) are a potential source of sulphur, which could be extrac- 
ted as a bye-product in case it should be found possible to work the 
deposits on a largo scale. 


BOMBAY. 

Siiid. — (Bhzrt Bunoku (24~ 48' : 67'' 8'). The discovery of an 
ajvjjareiitly extensive deposit of sul])hur at this locality was reported 
in 1843 by Preedy (1427). The crude .material is stated by Blagravc 
(140—-) to contain from 30 to 40 ];er ccjit. of sulphur, and sped- 
imms examined by Piddington (1405 -17) contained 60 per cent. 
(B. 156), 

Laki (26^' 16': 67^' 57'). Vicary (1845—>, 312) states tJiat sul- 
phur was manufactured b)^ the villagei’s from the scimi formed on 
the water of the hot springs near this place*. According to Blagravc 
(140—-), it docs not occur in payabl<3 quantities. 


BURMA. 

Strover (1721, 14), writing in 1873, says tliat the annual pro- 
duction of sulphur in Upper Bnrma, uinkr Burmese rule, was about 
28,000 viss (^about 912 cwt.). It was distilled from nodules of 
pyrites found at several places, of which a list is given, in blue Terti- 
ary clays at a deptli of 12 to 20 feet from the surface. According to 
Jones ( 952 — 4 , 194), the principal centre of the industry was situated 
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xioar Mawsun (20 o7 *. 96“’ ) in tlio Soutlif‘rii SJiaii 8tatos. 

Middlemiss (1219- 22, 152) also alludes to tlie inainifaeture of siilpluir 
and says . that it is still carried on in the Ihxwzain (Mawsiin) State, 
aria at YebOK (?) in the Pwehla State. 

Shall States (X.).— Several (juavtz veins earrvnxg large ipiantitites 
of iron pyrites have been found by (nggin Brown (see Ibiydei], 
Records, G, S. Vol. XLVII 24) at IIvnow u (2:P' T: 97" 1 B) 
and near M.\n Pa'J' (25^ 12': 97 IB) in the Tawng Peng State. 
The pyrites contain no gold or otlivr valuable nutab and the inacces- 
sible nature of the locality renders (lie discovery of no value at present 
as a source of sulphuric acid. 

HYDBRABAIK 

tiSiilbarga. — A limestone bluff at Mtonook (YlroANT'K, HB oG' : 
76^^ 33') is mentioned by Meadows Taylor (1751—2, 31) as abounding 
in pyrites, from which sulphur >vas extracted. 


KASHMIR. 

Kaltistan. — Several of tlie Lot springs in this district are said to 
deposit sulphur. &c IIIXERAL WATERS Bistl (iBY 52' 30": 75^ 
27') ; Ducuiim (3rB 28' : 74" 51') ; and KnoKKrx (35'- 20' ; 76" 50'). 

Riipshu. — PuGA (33" Bl' : 78" 25'), Sulplmr was formerly 
obtained by tbe Kasbmir tJovernment from de])osits connected with 
th(' hot springs situated in the Puga valley. A brief descriptiou of 
tbe mines has been given by ('uimingliam (399— 234), who visited 
them in 1846, and noted the assoiuation of the suljdiur watli masses 
of gypsum. According to a more detailed aceount ])y Mallet 
(1159 — B 162), the ‘ mines ’ we^’C mere holes alxuit 8 ft. in de])th, 
fro]]i the bottom of which short passages were di'iven lat^U'ally. The 
loeks Ymnsist of thinly foliated and gveatly contorted mica schist 
intersectc'd by nuujy small clefts and fissures, in which tlie sulphur 
is deposited eitlier in a massive form, or (‘oating the walls with 
tramsparent ciystals. It also occurs in laminje along the foliation 
planes, or disseminated in crystals throngli irj'cgular massc's of 
gypsum imbedded in tbe schist. Tln^re was a considerable line- 
tuation in the annual yield, chieHy depeiidont upon ilm weather, 
since at this elevation (14.500 ft.) work could only be carried on during 
four months in the year. Jt was said to amount to 20 or 25 tons 
(B. 159). 



SULPHUR. 


- -1 :t 

MADRAS. 

Arcot (S.), — An efflorescent deposit oE sulphur is mentioned by 
Newbold (1894 ”10, 249 ; — 45, 762) as occiimng at a swamp in the 
' Wodiapolliam jungle/ a few miles to the S. of Wolunderpet 
(— Kiranur, 11^’ 41' IW' : 79"^ 21'). The sulphurous tract is said 
to extend for half a mile. 


(hniavarh -IIcyne (834 — l ; — 2, 186) has recorded the occur- 
rence of a deposit of sulphur on the bed of a tidal swamp at " Stjra 
Sany Yanam ' (SuRiSANiANAM, 16"’ 29' 30" : 82"^ 9'). It is said to be 
fornu^d as a loose deposit or in nodules when the water dries up. A 
sample whicli perhaps came from tliis locality {see Mallet, 1159 — 50 , 
7), analysed by Dr. McNally, contained 28*32 per cent, of free sul- 
phur and 0-28 per cent, of combined sulphur (B. 156). 

Travaiicore.— Masillamani (298, 13, 30) has described an occur- 
rence of pyrrhotite on Mangamalai hill, about 2 miles to the W. of 
ARTJivrANALLUR (8^ 19' : 77"^ 28'). The mineral apparently occurs in 
the form of lenticular masses or discontinuous veins in charnockite, 
and indications of its presence were traced for a distance of 2 miles. 
The largest ore body opened up measured about JO ft. in length and 
8 ft. 6 ins. in widtla., and was followed to a depth of 8 ft. Another 
vein, 2 to 3 ft. broad, was found a sliort distance to the w^est. 


NORTli^WEST FRONTIER PROVINCE. 

Koiiat. — Sulphur pits were formerly worked in a band of pyritous 
(alum) shales lying below a limestone scarp on the vrestern banlv of 
the Indus R. near Kushalgarh. The mode of occurrence of the 
mineral at Luni-ki-kassi (33'^ 36' : 72"' 1') and at the petroleum 
springs of Panoba (33"’ 37': 71'" 58') was described by Lyman in a 
supplement to his report on the Punjab oil lands (1112 — i) ; 
and at Gunjalli (33" 25' : 71" 50') by Wynne ( 1975 — 15 , 203). The 
sulphur is produced by the decomposition of the pyrites in tlie shales, 
which appear to be v<?ry carbonaceous, and collects in its native 
form on the sides of small crevices in the rock. It was extracted by 
a simple process of sublimation in earthen vessels, one being placed 
on the fire and another inverted over it; mouth to mouth, so as to 
catch the fumes (B. 157). 

Siiiranl — Traces of sulphur were observed by La Touche (1034— 
20, 96) in upper nummulitic beds near Domunda (31" 36' : 70" 14') ., 
apparently formed by the decomposition of iron pyrites. 
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PUNJAB, 

Dera €liazi Khan. — Ball (71 — i‘J. 157) ,state:> that sulphur wa.s 
Tuuiiufa'ctiired in the Sobi pass (30" 15' ; 70“ 33'), where it is asso- 
ciated with gypsum, apparently deposited hy a hot spring. Its 
occurrence at the ^^angabh pass (30*“' '12': 70" 32'), 20 miles further 
to the north, is mentioned by l>lanford (148—* 7:;, 228, 2)U)). who 
suggests that this is tlu.^ pass to which Ihiil refers. It is possible that 
sulphur occ'iirs at both localities, as they are situated on the saim^ 
band of Eoeeiie rocks. The crude ore consists of anioiplious gyjisuin 
penetrated by strings and vei]is of sulpliur, vvliicli. was extracted by 
sublimation, as in Ivohat (B. 157). 

Blaiiford (148— 7 :u 212) also states that siil[?!uir is said to he 
found in whitish beds, probably oi Eo<ame age, on. tlie south, sale of. 
Ganoahart hilu (21b’ 0’ : Olb JC)'). The deposit was not visited, 
and had not been worked. 

Jiiang. — Vredonburg (1854—1:^) has described speeimetr^ of a 
jaspideous rock from the Kiraaui hills, containing numerous masses 
of pyrrhotite measuring a. centinieta'c or more in diaineior. llie 
specimens were found by Mr. E. E. (’ole in a (juain)' at .(li/NOinAUA 
(31'" 55' : 72" 38'), chese to the railway station. 

all.— According to Oldham (1326— lit lob), small deposits 
of sulphur invariably accompany the petroleum of the Punjab. 
Eleming ( 591 — 5 , 317) and Bowring (183—1, td) mention the> occur- 
rence of sul])hiir, associated with gypsum, at* the petioleuin spuiigs 
near Jaua (32'^ 52' :71" 44'). The (piaiitity obsm ved did not appear 
to 1)0 large, though it was divStrihuted over a_ space of about 2 miles 
along the strike oi tire .rocks (B. 158). 

Rawalpiiulh- Vicary ( 1845 - r,, 43) states that sulphur mines are 
said to have been worked in tliC hills lying to the east oi. the Mako-ala 
PASS (33" 42': 72" 53'). 


UNITIa) Pi^OVlNCUS. 

Delira Dun I /g27„„ fp 229, 258) says that sulphur 

occms''i”'consi(lmWe qiiaiititifs in somn of tlio gallptie* in tin! lad 
mines nt MA.w.m (>)on the Tons R The ynld ,s sn„ to have boon 
sufficient to pay tlio expense of smelting the lead ore (B. IbJ). 
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Kiimaon. — Sulphur is deposited by some of the hot springs in 
this region, but in small quantities only. The following occurrences 
have been recorded : — 

/xit hot .springs in the bed of the Ramganoa and Garjia rivers. 
—Herbert (827—6, 22h). 

At hot springs at the mouth of the .Jawar or Niti pass. — Traill 
(1797—1. 17). 

At Man.siari (30" fi' : 80“ 19') ; near Nandpryag (30° 20' ; 79° 
23') ; and in Mulla Dasoli and Mulia Nagpur. — Lawder (1040 — 1, 
88 ). 

SYLVITE see POTASH SALTS. 


TALC see STEATITE. 


TANTALITE see mukr RARE MINERALS. 
THORIUM .see MONAZITE. 


TIN. 

BIHAR AND ORISSA. 

HaKiiribagli. — Chappai’anu (24° 40' : 86° 0' 30"). A .specimen of 
cassiterite-grairulite, obtained by Mr. Jambon from this locality, 
has been described by Fermor (577 — ll). The cassitcrite occurs in 
crystals of about equal dimensions with tlie other constituents of 
the rock, but sometimes forms aggregates to the exclu.sion of the 
other minerals, 'fhe proportion of cassiterite present is from one- 
third to onc-lialf of the mass. 

Nokuxga or Nurgo (2.t° 10': 86'' 8' 30"). The occurrence of 
tin ore here was noted in 1849 by McClelland (1117 - :!•!, 19), who 
says that the ore occurs in nodules ranging to more tlian an ounce in 
weight, disseminated through gnei.ss. Mallet (1159 — 35) de.s- 
cribes an attempt made about the year 1867 to work the deposit, 
and says that the ore forms three or tour lenticular beds in gneiss 
seldom more than a foot or two across, but in places reaching a 
width of 13 ft. The lateral extension was about 20 yards, nearly 
parallel to the foliation of the gnei.ss. 'Phe Inals were followed to a 
de[)th of about 60 ft. by an inclined gallery, when work was stopped 
on account of the decreasing value of the ore and the influx of water 
(B. 314). 

A more recent experiment in mining the deposit has been des- 
cribed by Oates ( 1315 , 445). A shaft was- sunk to a depth of 614 ft., 
but below 568 ft. the ore body Avas cut out. A sample of the ore 
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yielded 1*87 per cent, of tin. Tlie estimated yieki per ton of ore was 
aljout 268 lb. of metal, bnt in practice it amounted to about half of 
this, as- the ore was much contaminated with gangiie and iron. 

According to Fcrnior (see Hayden, 793- 26, 79), the ore is eassi- 
terite granulite, forming a thin layer in a nuicli thicker band of 
microcline-granulitc, wliich also cemtains sparsely scattered granules 
of cassiterite. The thin layer often contains from 30 to 50 per cent, 
of cassiterite. 

SiMRATAKi (24' 39' : 85^’ TjO'), A iew crystals of tin-stone were 
found here by Mallet (1159 — 7, 43) in a lenticular pocket of granite 
in mica schist. 8mall grains of cassiterite were also detected in a 
dyke of lepidolite-graiiite exposed a little to tlie 8. W. of PiiiiRA 
(24^ 38' ; 85^- 52')-{B, 315). 


BOMBAY. 

DIiarMar. — Minute grains of oxide of tin havt^ been detected by 
Fopte (596 — ll, 110) in tlie streams draining the narthern piulion 
of the Kapatgod rang<'^ near D.mmbal (15'^ 18' : 75'^' 50'). Tl\e <vro 
Mas associated with native copper and silver (B. 315). 

PaianiKir. — Holland ( 859 — t.t) has recorded the discovery by 
Fabu Baidyanath Saha of cassiterite at Hosajnpuba (24" IG' : 
72^’’ 30') in this State. The mlmuxil i>s associated with gadolinite, 
and occurs in disiijict, large crystals as aconstitmmt of tourmaline 
pegmatite. 

UcMii KaitUui ^ ^ sarntde of tin-stone, said to have been 

(!Narukol) J ^ 

obtained at JAMuroHOOA (22^' 22' : 73''’’ 48'), was forwarded to the 
Cieological Survey by Mr, lingers. Nothing is known T’<^gard- 

ing its mode of occurrence (B. 315). 

BURMA. 

The tin ore deposits of Burma are invariably fouiKl in tlu^ n<4g1)- 
bourhood of intrusive bcj'Scs of granite, wlucJi foj'ius tlia coi’e oj inany 
of the hill ranges running northwards from the lu^dprated Malay 

States,' wli(‘Mce a. larg(' pi;o])()rtion of tho world’s si!])ply <4 tin is 

obtained, — through- TeJ^a■‘^^'^cril^^ as far as Karrjun m lal. 19 {see 

Bose, 173 3 7). Beyond this, tin ore has not. been, detected in the 

granites of the 81ian States or in the alluvial giavels derived from 
them, but it reappears under the same conditions in Yunnan, wliere 
tin mining is said to be extensively carried on. Ihe (auiiicst tillusion 
to the existence of tin' in Burma was made in 1599 by the traveDer 
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Ralph Fitch ( 689 , 262 ; 1538 , 178), who reniarlcis that on his journey 
from Pegu to Malacca he passed by “ many of the ports of Pegu, as 
Martauan, tlie Hand of Tani (Tavoy), from vyhcnce comiiieth great 
store of tiime, which scruclli all India/' 

, Up to the present time practically the whole of the ore produced 
in Tenasserim has been obtained from the aliuvial deposits resulting 
from the degradation of the granitic ranges ; and these will prol)ably 
yield the chief supply for a considerable time to come. For the 
rocks are so eflcctiially concealed by vi'getation and dctrital material 
that the search for ore bodies or lodes, — if any sueli exist of sufficient 
richneSvS to warrani- eoipenditure on regular mining operations. — is 
a matter ro(|ui:ring much time and labour. 

Until the early }^ears of the jrresent century, the exploitation, of 
the alluvial deposits was entirely in the hands of Chinese and 
Siamese setthu's. One attempt was made about the year 1873 to 
work the gravels and lodes at M.aliwun in Mergui under Furopeau 
supervision, but after tliree years of hard work, in one of which 17 
tons of cleaned ore and 7 tons of metal wer<‘ exported, tlie conces- 
sionaires, Messrs. 8-trang, Steel & Co., resigned tlicir lease. Tlie 
conditions under which tlie native industry was carried on. and the 
mode of occurretu’e of tlie ore, have been described liy the following 
writers : — 

1829. Low (1097—:/ 118). A brief notice of the stream tin* 
deposits m Tavoy. Further details and an aeeount 
of the native method of working are given in the Journal^ 
Roy. A,vafic Roe., Vol. Ill, p. 47. 

1839. Hi'lfer {80ffi--a, 29). (lives results of prospecting opera- 
tions in Tavoy and Mcrgii!. The amount of oxide of 
tin ill tlie gravels was found to lunge between 1 and 7 
per co]it. 

1841-43. Triunenlieere (1802 — 2; — 4; — a). Full reports on 
the results of pros])ecting ojierations in Mergui. De- 
tails are given of the ainoiiufc of tin ore obtained by 
washing at various localities. The second paper con- 
tains an account of a supposed lode of tin ore in granite 
at Kalian hill, near Mergui. 

1813. Royle (1529 — 4 ). A brief account of the geology of 
Tenasserim, with remarks on the tin ore deposits 
mainly compih^d from Heifer’s and Tremenheere's ob- 
servations. 

1846. Tremenheen*, and Lemon ( 1803 ). A summary of the 
reports noted above. 
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1849, O’Piiloy (1340~~r^). Enumerator the localith^s whore 
stream tin has been worked, and ([noted extracts iroiu 
Trfanenlieero’s reports. The oaiises retarding the do- 
velopnuuit of tlm ijidustry ar<^. discussed. 

1850. Oldham (1326 — I'b 39). Oivc^s details of the ore biids 
at several lo(.‘a!itio.s in Mergiii, and (hvscadijos the 
Tuetltods of working tlu^ deposits. 

1859. Heifer (808 — 7, 228). A resume of his observations in 
Tenasserirn. 

1872. Fryar (626—^). A report on prospecting o})ei’ations. 

The ore is found in layers of grav(41y day ranging u]) to S or 12 ft. 
in thickness, usually coveied by a variabh^ da^pth of banam soil or 
raiirwash, wliicli jniist he jaanoved in ordtu* to wori: t!n‘ deposits. 

A system of ground sluicing is prat'-tistnl by the t1iines<>, but some 
ore is also obtained by panning tire sands in tluj rlv(S' beds. The 
greater proportion of tln^ ore is smeUed on the spot, the remainder 
being exported to the Btraits Settlements in the form of 70 per 
C(mt. eoncentratixs. The furnace in use is of (liiimse design, and as 
described by Butku (250, 28) is baiTcl- shaped, built of sun-dried 
bricks bound with iron hoops, and about 5 ft. in luaglit. H is fn'od 
with charcoal, the blast being furnislnal by (*y]indri('al bellows, 
fitt(‘r] with a pistoji worked by hand. The tin is i‘elin(*(l l>y ]>assing 
it through the furnace two or tliree times, and is cast into ingots of 
31 or 74 lb. in weight. 

During the years 1888 to 1892, a systenuitic (exploration of the 
tin-bearing deposits in the M(u*gui and Tavoy disti'icts was carried 
out l>y a. y)a,vty of pros])ectors under tlui superiuteiKhmcr^ of T. TL 
Hughe-s, the results of wlucli were publislud in two j’c|)orts (888-- 
30 ; — .33). The iirst of these giv(‘.s detailed particulars of (^ach 
deposit examitied, the nature (d the country, and tht; conditions of 
labour ; while the second deals mainly witli proposals for the 
administration of tlio’: fields, Keports drawn up by Messrs. Koss (Aunis 
and Primrose, the prospectors attadied to the })arty, a,r(> given in 
appendices. The opinion was express(d that the deposits geiierally 
arc sufficiently large and accessible to prove remunerative under 
economical management, and that as the country is opened up, 
payable deposits would be found to tlie north and east of the area 
examined. 

A further investigation of the deposits in Lower Burma was 
undertaken by J. J. A. Page during the years 1907 to 1912. The 
complete results of his work have not been published, but abstracts 
of his reports for the first two seasons have been compiled by Hol- 
land ( 859 — 66 , 38;— 71, 57). The particulars noted below are 
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mainly taken from these abstracts and from the reports submitted 
by Hughes, 


Kareinii.-KEii-DAUNO or ' Tiivhill ^ (18^" 49' : 97^ 10'). The 
existence of tin ore in the Bawlake sub-State in Karenui has long been 
known, but unti] recently O’Riley (1340 — lo, 444) appears to have 
been the only European to visit the locality. The mines are situated 
near Mawoiu, on. the northern bank of the Ke-ma-Pyu R. The ore 
is said to occur iu irrcigular lodes in quartz vuuns traversing slat(^s, 
and was smelt<ul on the spot' in small furnaces, which were simply 
lioles cut out of banks of clay. Limestone was used as a flux. 

In 1910 the luines were visited by Page (.w Hayden, 793 — 75), 
who reports that the rocks consist of stanniferous granite pierced 
by quartz veins oaiTying wolfram and cassiterite. In the Keh- 
daiing area tin' quartz veins appear to be especially prominent. 

Statistics of the production of tin ore in Karoimi are available 
only for the four years 1912 to 1915. During this period the output 
increased from 1,*202 to 0,014 cwt. 

Mergui.-- ( 'assiterite is widely distributed tlirougli the district 
and occu.rs, according to Page, under tlie f(,>ll()wing conditions : - 

(1) As a constituent of docomposed pegmatite rich, in tourmaline 
and muscovite, known locally as lira, 

(2) In massive quartz segregations on the outskirts of granitic 
hills. 

(?>) In quartz yems and stringers adjacent to decomposiiig peg- 
matite. 

(4) In talus accumulations resulting from the disintegration of 
the foregoing classes, and in gravel deposits along the course of the 
streams. 

Deposits have been noted at the following localities : — 

BaxuUxM (10' 44' : 98‘^ 45'). Seven mines in 1889. Ore bed 6 
to 8 ft. thick. Water plentiful. According to Hughes ( 888 — ‘^0, 
196), tliese are the richest mines in the district. 

HoKPYiX (ir^ 14':98^50')-~-yAi;NG\vA (li‘ 8' ; 98" 52'). Fifteen 
native workings in 1907, four of wdiieh were leased to Messrs. Kinloch 
and Eglingtoii. Ore bed at Bolq)yin varies between 5 and 6 ft. in 
thickness, overlaid by 10 ft, of barren soil (B. 320). 

Ch'hando (Kyaxdo), near Palauk (13" 16' : 98" 44'), A sample of 
' half dressed ’ tin concentrates from this locality is said by Ross 
( 1516 ) to have yielded 47 per cent, of metal. Fryar (625 — 43) 
has reported the existence of an abundance of stream tin on. 
feeders of tlie Pa lank R., about 18 miles above the village (B. 318). 
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Hangpru (ll*^ V : 98"" 50'). Three workings in 1907. 
Hesamkong (11"^ 31' : 99'^ 12') and Keh Kyaung, on the Klong 
Manoron. Eighteen apparently profitable workings in 1907. Work 
is carried on only dining the rainy season. Quartz stringers with 
cassiterite occur in one of the workings. 

Kaiian iiiLL (12^'' 20': 98 ' 50'). Treinenlieere ( 1802 — 4, 841) 
supposed that the fin ore found here occurs m in a vein of decom- 
posed granite, ixml considered the deposit to bo very rich. Pros- 
pecting C‘peiations carried out l)y Fryar showed that the bed iu 
wliieh the tin occurs is of a detrital cliaracter, and that tin? (piantity 
available would not be remuuerative (B. 319). 

Karathuri (10 ' 56' : 98' 48'). Twenty-two workings on the hilt 
sides and low ground in 1907.. Ore bed 8 to 1*2 ft. thick, according 
to Hughes ( 888 — .‘u>, 199), of good paying character. Wafer fairly 
abundant (B. 320). 

KvAUNG-KAt‘R A (10' 55' : 98' 48'). Five workings in 1907, in 
alluvium, 

Kyauxg-ta-naung (10" 53' : 98" 47'). Two workings in 1907, in 
alluvium. The ore bed, acciU'ding to Huglies (888 — ‘uu 200), is not 
more than 3 ft. thick, and is said to be poor in (Quality. In Fryar’s 
time the outturn is said to have been from 4 to 5 tons of nietallic tin 
aiimially (B. 321), 

jjENVA (11 28' : 99 ' 2'). Ore bed about 4 ft. tliick, bejieath 2 ft. 
to 2 ft. 6 ins. of barren soil. 

Malt WIN (10' 14' : 98'' 39'). The tin mines of this area have the 
widest reputation of any in Mergui, and liavi* mor(‘ than once been 
taken up on lease l)y European tii’ms. Accordmg to Oldham ( 1326 — 
1^8 'lO)* ibe annual outturn was from 1,500 to 1,600 ingots of tin, weigh- 
ing 27 lb. each. The attempt made by Messrs. Strang, )Steel & (lo. to 
W(U’k the deposits has already be(ni alluded to. From 1894 to 1897 
the pro])erty was lield by the Jelibu Mining and Trading Fo., Ltd., 
whose operations have l<een described by Pai'ry ( 1367 , 26). The 
amount of ore exported dining the tlii'ee years was 3,407 cwt. Fol- 
lowing on prospecting operations carried out by Snow^ ( 1672 ) in 1905, 
a mining lease covering 3 W|. miles was taken out by the Burma 
Dcvelopnient Syndicate, and is still held by them. Tlu^ concession 
includes granite lulls coTitaining stanniferous quartz segregations as 
well as alluvial ground (B. 322). 

The following deposits in the Maliwiin area are enumerated by 
Page 

Klong Bankwa (10'' 14' : 98" 38'). Several small workings 
by Chinese. The yield of the most profitable working 
is 6 lb. of cassiterite per cubic yard. 
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Klong Nam Sai (10° 16' : 98° 39'). One working 42 ft. deep. 
The ore bed i.? rich, but lie.s beiieatli a great thieknesa 
of overburden. 

North hill, Phetolai, and Khon M.\ung hill, held by the 
Burma Development Syndicate. 

Hassui Deng (10° 9' : 98°'37'). 4,, , , ,. 

Klong Glama (10° 12' : 98° 39^). ) Abandoned working... 

Mazaw (12'^ 23' : 98^ 54'). .Hughes (888 — 30, 201) remarks that 
tin ore will probably be found in this area, though no workings were 
seen. 


Merciui (12^‘ 26' : 98'^ 36'). Low {Jomn. R. Js. Soc., Vol. Ill, 
47) says that tin ore occurs in the hill on which Mergui is built, and in 
the streams near the town (B. 318). 

Mioyaung Kyauno (ir‘" 25' : 98^ 46'). The deposits are said to 
be rich, but ditncult to work thi'ough want of water. The ore 
occurs in pegmatite as well as in alluvium. 

Sadien (IT' 23' : 98'^ 48')*. Many abandojuid workings. 

Tacu (12"^ 16' : 90^ 4'), on the (ireat Tenasseriiii 11. A little tin- 
stone was obtaiiUAd by Primrose on the slope of a hill about 6 miles to 
W. by S. of the village Hughes, 888 — 3a, 51). 

Tiiabaltk (12^^^ l':99^ 16'). Acuxmling to Iliighos (888 -30, 192), 
the ore bed is about 8 ft. thick, witli an overburd(m varying froiu 6 
to 10 ft. in thickness. The ore w^as recovered by a systoiu of ground 
■ sluicing, described by Fryar (625— 0- Prospecting o])eratio.us car- 
ried out by Eoss Cliuiis (.ycc Hughes, 888 — 33 , 48) indicated tliat the 
ore is derived from quartz veins traversing slates forming the range 
separating the Thagyet 14., on whicli Tliabalik is situat(‘d, from the 
second branch entering tlie main river a])ove the mines. Samples 
of gravel from rhe river bed yi(4ded 30 per cent, of cassiterite. 
Five native leases were being worked here in 1907 (B. 319). 

Tharapon (12"^ 10' : 98'' 55'), Hughes (888 — 30, 189) remarks 
that the conformation of tlu^ ground in tliis neighbouibood gives a 
fair cliance of meeting with stanniferous deposits. No old workings 


were seen. 

Theindavv (Tendau, 12° 20' : 99° 10'). Tremenhcere (1802 — 2, 
846) considered the deposits here to be ricli. Tin ore was obtained 
by Primrose {see Hughes, 888 — 33 , 52) in fair quantity at several 
places along the course of the river, also fragments of sandstone 
containing stanniferous quartz veins. Numerous old workings were 
seen (B. 319). 

To-Tvve (11° 4' : 98° 46'). Two workings in 1907. Tin ore 
occurs in mangrove swamps below tide level. 
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Yamon (12° 13' : 98°47')-NAt:KLK (12° 18' : 98° 17'). Eight 
shallow workings in 1907. Ore heel 18 in.s. to 3 ft. in thickne,ss. 
The deposits are saftft.o be worth prospecting with a v'iew to dredging. 

Ye-ncian (11° 28': 98° 48'). 8even vvorkings in 1907, in good 
alluvium, which might bo worked by pond dredging if found suffi- 
ciently rich on being tested by boring.s. 

In the M<‘rgui archipelago cassiterite was found by Page (sre 
Holland, 869 — 71 , 56) in gravels on Kin'u’s 1. (12° 30' : 98° 23'), where 
Fryar considered that a large, (juantity was available in the bed of the 
Kitan K. ; Kisserin'g I. (Kit-th\-y,n, 11° 10'; 98° 30') ; and 
Davies I. (9° 48' ; 98° 4'). Many of the islands of the archi])olago 
arc said to be formed of gueis, so.se granite penetrated by intrusive 
dykes of granite and quartz porphyry, and would be worth prospecting. 

The average annual production of ])loek tin in Mergui, during the 
five years 1909 to 1913. was 1,673 cwt., and of tin ore 1,710 cwt. 
During 1914 the quantity of block tin ])roduc<d was 1.9G3 cwt., 
and of tin ore 1,861 <nvt. In 1915 flie corresponding figu]’e.s were 
2,563 and 1,762 cwt. respectively. 

Tavo.v.— In this district cassiterite occurs uudei' the same condi- 
tions as in Mergui, in granite and quartz veiii.s associated witli (ho 
intrusions. 'J’lio following localities were <‘xaiiiiued by Page (,«'« 
Holland, 889 — 71 , .57) and others;-— 

HKlNnu and Heinda rivers, flowing into the Oreat Tenas.stu'im .K. 
near Myi'I’THA (14° 10' ; 98° 32'). (.'assitcrite exists within a few 
feet of the surface in quantities that should be payable. This is pro- 
bably the ar(!a described by Heifer (808 — a, 30) under tlie name 
MErAMJo (MvrrTfiA Myo). He repoits tluit tin-.stono is )>)vind over 
an area 60 miles in length by 8 to J2 miles in, bnaidtli.. and that there 
were mimcTons native workings, some of wliieli wer<' eanied to a 
depth of 40 feet (B. 317). 

Hrnzai (Hetnzr, 11° 45' : 98° O'). O'Piley (1340 -- h 726 ; —7) 
states that tin-stone was obtained by washing nca,)' the head waters 
of the streams flowing into tin; hay of Ibuizai from the south. 
Samples of the concentrates contained from 55 to 60 per cent, of 
tin. He estimated that one man could olitain 18 oi' 20 lb. a day 
(B. 317). 

More recently the tin deposits in this neighbourhood have been 
described by Foss ( 609 ). The existence of the ore is .said to have 
been proved to a depth of 15 ft., over an area of about 300 acres. 

Maungmeshaung (14° 9' : 98° 13'), The tin-bearing gravels in 
this area are irregular, and will only pay to work at intervals. Stream 
tin washing is practised on primitive lines. Tlie cassiterite is de- 
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rived both from granite and from quartz veins at the junction of the 
granite with slates. 

Ongbincjwin (l/h^ 37' : 98"' O'). Cassiterite otfetrs in quartz veins 
and in small quartz stringervS penetrating sandstones near their junc- 
tion with granite. The largest vein seen measured 12 ins. in width. 
The gravels are worked by the natives down to about 6 ft., but the 
concentrated deposits are said to lie at a depth of about 30 ft. below 
the present surface. 

W.'OoN (14"' 11'; 98*^ 23'). Old workings won^ seen along the 
base of the grajiite hills near this place, and isolated patches may be 
found in which the ore is sulHciently concentrated to be worth working. 

In addition to these localities, Pdeeck (151 — G 68) mentions a 
cassiterite-quartz lode occurring on the IvALONfA Ivyaxing (14' 19' : 
98^ 19'). Two samples of the ore yielded 2 30 and 13*95 per cent, 
of oxide of tin respectively. (.Cassiterite is also said to occur with 
wolfram in lodes at Hermyingyi (liAMYiNGYr, 14'' 14': 98"' 20'). 

Previous to the year 1911 the quantity of tbi ore produced in 
Tavoy was very small, not amounting on the average to 30 cwt,. 
annually. In that year, as the result of active prospecting, 802 cwt, 
of ore were obtaim^d, and during the next two ycxaj’s the productitm 
of block tin amounted to 2,572 cwt., and of ore to 51 cwt. Jjatterly, 
however, the production lias again fallen off, the figures for 1914 and 
1915 being 767 and 253 ewt. of ore respectively. Those for 1915 
also include 6 cwt, of block tin. 

A very large amount of prospecting work was carried on in 
tlm Mergui ami Tavoy districts between tlie years 1910 and 1915, but 
in only orn*. iiistam^j was a mining lease a])pliod for. This was 
granted to the llijidn (’hauug Tin Dredging and Mining (-o. in 
1911, but alter a suction dredge had been transported to and erected 
on the concession, the (Axnqjauy su.spended o])erations in 1913, 


Thatoii. -Tin-bearing gravels have recently have iec(mtly 1)een found 
in this district, and the prospects are regarded as promising. 

TITANIUM see Nader RARE MINERALS. 

TOURMALINE 67 e under GEM-STONES. 

TRIPLITE 6 ee PHOSPHATES IRON. 

TUNGSTEN. 

So recently has tungsten come into general use UvS an alloy in 
‘ self-hardening ‘ steel, now largely enxployed in the manufacture of 
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high-speed cutting tools, iucaudescont lamp filaments, etc,, that the 
notices of its occurrence in India are extremely few. In most in- 
stances the mineral is casually mentioned as d(‘preciating the value of 
stream tin deposits, with wliich it ^ s. frequently associated ; and it 
finds no place in the .l{oonomic Sectioii of the Manual of the CJ oology 
of India, published in 1881. The most imjiortant deposits of wol- 
framite are those (d' Burma, wliore it is found in siiu under the same 
conditions as cassiterite, though not usually associated with it in the 
same lodes. Its occurrence has also been reported from a few 
localities in the. Indian peninsula. For soim^ years Ihirma has 
headed the list of countries tliat produ(‘e wolframite, with an annual 
output of about 25 per cent, of the world's supply, 

BIHAR AND ORISSA. 

Singbhiiiu, W(>if]vim has receiitly betun found a1 Kaum.vti 
( 22^’ 4(F : 8()'^ 17') on the Bengal-Niig[)ur railwav. Ai)i>ut 8 ton- of 
mineral wine woi] in the year iOlfi. 

BURMA. 

Karenui. — Wolfiam was found by ihige associated with cassi- 
tei’it(? in quartz veijis at the tiji mines of Jvioh-dai'Xo (sre TIN). The 
average annual produetioii durifig the four years 1010 to lOIM 
51. ions. In lOM the output rose to K>X tons, and in 1915 2>30 tons. 

Slergiii. — Tremenheere (1802 — i.’. 819) iiKmlions the occurrence 
of wolfram with stream tin on the ]a)UN(,;r)()UNO}N stj’cam, wliich 
enters the Little Tenasstaim II. a few miles to the 8. of Tjoxasserim 
( 12^^^ 5' :99' IV). In. his second report on. the tiji of Mergui ( 1802 — L 
.847), wolfram is said to occur in the Maliwun area (10" 14' : 98" B9'), 
and in coTisidi'rable quantities in the stream tin d(q)osits of Yaivuix 
(12" 13': 98" 47'). 

During the five years 1911 to 1915, the avn.aage (juantily of 
tungsten ore ])roduced annually in Mergui was DO-o tojis. 

Tavoy. — During the course of his investigation of the tin ore 
deposits of Tavoy, a rich wolframite lode was discovered in 1908 by 
Page (see Holland, 859 - -7 J, 59) on the Hancui stream., which joins 
the Paiik Tein (Pauk-taing) R, near Payaor (14 (V : 98' 18'). The 
lode was 14 ins. wide, and for.med o)ie of a series of about 50 nearly 
vertical quartz reefs varying in width from an inch or two to 30 ins 

In a paper on the occurrence of wolframite in Tavoy, published 
in 1913 ( 154 — 4 ), Bleeck has described the geology of the western 
portion of the district, and the petrological characters of the rocks 
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associated with the lodes. The granites are intnisivo in a series of 
sandstones, shales, and coiiglomerates of uncertain age, known as 
the ' Mergni series/ which have been altered into quartzites and 
schists when In contact the igneous intrusions. Both the 

granite and the stratified rocks are traversed by numerous veins of 
milk-white, opaque (juartz, varying from a fraction of an inch to 
over 12 ft, in width, and often continuous for considerable distances. 
The mineralisation of the veins is confined to the contact zone, but 
the distribution of the wolframite is extremely erratic, long stretches 
of apparently one and the same vein containing no ore. The wol- 
framite occurs in single crystals measuring up to or 4 ins. in length, 
or in (rystalline aggregates which may weigh as much as 90 lb. 
Tungstic ochre is often associated in small (|nantities with the wol- 
framite. A typical specimen of the latter mineral contains about 
76 per cent, of tungstic trioxide (WO3). 

liodes cariying wolfram w'‘re f,)und at the following localities : — 

At the 19th mile on the Tavov-Wagdn road, about a mile beyond 
Thjnoandon (14^ 10': 98^ 21').' 

Byadk Kyaung (14^ 20': 98" 15'). 

Kalonta Kyaung (14" 19' : 98" 19'). 

Pa Kyaung (14" W : 98" 6'). 

Thangazon (11" 11': 98" 17'), 

One of the lodes observed in the Kalonta area was a greison com- 
posed of grajiitic quartz and muscovite with wolframite scattered in 
sinall crystals throughout the rock. 

A sample of ore concentrates from the alluvial deposits contained 
61 per cent, of tungstic trioxide. 

FollowiiJg o]i the discovery of wolframite in ^ilu by Page, great 
activity has been shown in prospecting for this mineral. During the 
six years 1910 to 1915, the number of prospecting licenses issued in 
tlie Tavoy district alone amounted to 419. In this period the pro- 
duction of tungsten ore increased from 362 to 2,033 tons, the average 
annual output for the five years ending with 1915 being 1,593 
tons. In conse(|uence of the cessation of supplies of tungsten and 
ferro-tungsten .from (leTinany, owing to the war, steps were taken 
by Government to stimulate the search for the mineral ; but these 
measures have not been reflected in the returns of mineral produc- 
tion yet published {see Hayden, ItecArnls, (L S, \ol. XLVII, p. 24).^ 


^ Since the ab->vo was written, information has come to hand to tho effect that the 
ouq>iit for the yoar 1910 w is nearly 3,000 tons. The increase is attributed largely to 
the energetic mcasureB taken by the Local Government to stimulate the output. 
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Thaton. — Outputs of 17 and 4VH- tons of wolfram woro rooorded 
for tliis district during the years 19] 1 and 19] o respectively ; but 
no account has yet been given of the localities or mode of <H‘Cur- 
rcnce of rlie mineral. 

laiuethin. — illeeclc has reported the (a'currenee of a well defmed 
lode cariying wolfram near Kacaw (iK)' ; Pfd 30'), on the road 

from Thazi to Taimggyi. Another lode \vas see^i further to the nortli 
neai’ 1 SAaux(;va (21" 7' 30": 90’ 20') in tlie Yengaii snb-^^tate 

( 861 , 279). 

CHNTRAL PROVINCES. 

Aagpul*. - Aoargaox (21" 0' 3td ; 79‘ 32'). A <liseoverv of wol- 
framite, made by Mr. Kellerschon in 1907 while ])ros])ecting for 
manganese ore in tins divstriet, has btaui d('scrib<‘d by heriiior (577-- 
i-Oi) and ]a)U' ( 1096 - - i9 'Hie wolO'amite is very imevrnly distri- 
buted throngli veins and stringers of (juarlz interbe.lded with tnica 
and tourmaline schists. l)(:ing ap]>arently more intimately c(>im<.cted 
with the lattes'. About li tons of the mineral were laiscd during 
the years ]90iS to 1910 from }>its and trenches about 8 ft. de(‘]) : but. 
no fitrther dtw elo])ment appears to lun e taken phu'e. ()n, analysis 
the crystals yielded ()O‘07> jnr cent, of fungstic trioxide. 

iM.AORAS. 

TricUiuopoly. — A specinum of wn)lfram, contaiiiing 31-72 per cent, 
of tungsten and 3*15 per cent, of tin, is ro])orted to have been found 
by F. N, Fose iiear Kadavur (10' 30' : 78'^ FV). Auothei' specimen 
was found near a p(‘gmatite vein on the east<a‘n flanks of UututAR- 
.KARA!) ( 861 , 280). 

RAJPlJTANA, 

/i**il*"^*x I • — Urgana (20" 50': 74'" 24'). Itefercnce to an occur- 

(.lodhpur) J 

rence of wolfram in a hill near J)egaMa railway statio!i vvius madi^ by 
Hayden (793 — si, 20) in 1913, ajid lurther ijiformatiou on the dis- 
covery has been given m liis (General Repoi’t for 1915 {Records, O'. S. 

Vol. XLVII, p. 26). Three small hills consisting cliietly of granite 
axe penetrated by nearly vertical quartz veins containing c()arse]y 
crystallised mica and wolfram. The veins are usually thiji, but in 
one place a mass of (juartz measuring 20 by 20 feet, was seen, con- 
taining considerable quantities of wolfram. At pre.s(mt the depth 
to which the lodes extend is unknown. The d^qiosits were being 
worked by open quarries, and tlie output was said to bo about 
1| cwt. a day. 
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URANIUM RARE MINERALS- PITCHBLENDE SAMARSEITE. 
VANADIUM under RARE MINERALS. 

VIVIANITE ,5fe PHOSPHATES i -IRON. 

WATER AY e MINERAL WATERS. 

WOLFRAM AY e TUNOSTEN. 

YTTRIUM Ace RARE MINERALS -GADOLINITE and SAMARSKITE. 
ZINC. 


In a })apt^r read bel'oro tJio llojal (ieological Society of Ireland 
in .1886, Ball (71 — gave an account of the occurrence of the ores 
of zinc in. India, eoutaiuiug references to the ancient and modern 
literature of the subject, and to the trade in this metal with (’hiua. 
The paper concludes with a glossary of the oriental and other titles 
used for zinc .and its alloys. 

Zinc blende is occasionally mimtioned a.s accompanying the ores 
of lead and copper, but in very f<iw instances does it occur in snfli- 
cient quantity to be commercially valuable. 


AF(in.\NlSTA.N. 

Lord (1091 — -• 1)36) says that in the GiiORii.AND vallf.y (31° 57' : 
68° 52') white sulphate of zinc, locally known as zak, occurs as an 
efflorescenc'e on the surface of volcanic ash beds. No mention is 
made of its employment for any purpose (B. 313). 


BUK.M.K. 

.Shan States (N.).— The silver lead oriss of Bawdwin (23° 7' ; 97° 
20' 30") contain an appreciable pro|>ortion of zinc blende. It occurs 
occasionally, according to Coggin Brown (1035, 255), in massive 
bands of a blackish brown colour, but more commonly in micro- 
scopic crystals intimately associated with l;hc galena. In three of 
the ore bodies that have been opened up, the percentage of zinc 
amounts to 16, 11-2, and 29'8 respectively (863, 129). 

'I’his is the only locality within the Indian .Empire that now pro- 
duces zinc ore. During 1913 the Burma. Corporation extracted 
3,871 tons of zinc ores, and in the following year 8,553 tons, 
which were shipped to Belgium and Germany for reduction. In 
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1915 the amoxint exported was only 196 tons. The question of 
erecting worhs in the country, not only for smelting the ores, hut 
also for the production of sulphuric acid as a hye-product, is under 
consideration. 

Tavo.v.— Mason (1185 — i. 18) says that in a broken bouldei' brought 
to him at Tavoy there was a vein of ort; which he judged to be; zinc 
blende. He was unable to a.soertain th(^ locality from which it can\o. 
An ore of zinc is also said to have been found bj^llelfer on one of the 
islands in the Mergui archipelago (B. 313), 

MADR.AS. 

Kuniool. — Mallet (1159 ; — -O) has described specimens of 

ferruginous smithsonite, — carbonate of zinc, — assodated with barytes, 
green blende, and gahma, which there is reason to suppose were 
brought from the de.serted lead mine.s at llASWAi’tiR (Ba.s.wapuram, 
15° 24' 30" ; 78° 41/ 30"). He remarks that the mineral probably 
escaped recognition by the native miners on ac-coinrt of its non- 
metallic appearance (B. 312). 

PUNJAB. 

Haugra. — Zinc blende is mentioiied by Malhit (1159 — 1. 100) as 
sparingly disseminated tlirougli the gat\gue of the antimony ore at 
the SiiiGur GLACIER (32° 17': 77° 40'). 

RAJPUTANA. 

Marwar 1 gfates that zine ore was formeily 

(.lodhpiir) J 

obtained in small (piar.tities near the town of Kojat (25° .50' : 

43'). 

Mewar | Zawar (24° 21': 73’ 45'). The zino 

(UdaijMir) J ' r • i n • 

mines at this loeabty appe,ar to have been of cam.siderable. im- 
portance. Tod, in his Annals of liaiasthan (1788- b Vol. 1, aOl), 
mentions them ineidentallv as producing tin, and says that the 
revenue derived from them e.xeecdial I'/O.OOO anmially. They were 
closed at the time of the great famine in Wi'sii'rn India of 1812-13. 
According to Brooke (203-1), the ore is sard to ece.ir in veins 3 or 
4 ins thick and sometimes in bunches, m .piartz rode, lire pure 
ore beincr very friable, was })Ounded and freed Irmn gangiie. and 
smelted m bottle-shaped crucibles 3 ins. m diameter, with necks 
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6 ins. long. Those were placed in the furnace in an inverted posi- 
tion, tlio metal being sublimed in the necks. Any admixture of 
qiiartis with the ore is said to have caused bhe crucibles to crack. 
Another account by an anonymous contributor to the Indian Anh- 
qaary (35 — *^8) deals mainly with the surroundings of the mines, 
which are said to be very cxtoiisive, but were apparently worked in 
the usual unsystematic Indian manner. The locality lias not been 
described by a geologist, but the ore is believed to be smithsonite, 
and to occur in qiufrtzites of the Arvali series (B. 31*2). 


SiKKIM. 

Zinc ore in the form of calamine or smithsonite is found associated 
with some of the copper ores of Sikkijn, and blende is commonly 
found in the lodes containing pyrites and pynhotito ( 862 , 127, 2(>1). 


l iMTni) PROVINCl-S. 




—In one of the lead mines on the Tons R.. about 


Dehra l>iiu 

(.launsar) . 

25 miles above KxVi.si (30^ 32' : 11^ 51'), Medlicott (1197 — <3, 17b) 
noted a stringer of mixed ore associated wTth the galena, though 
ket^ping rather distinct lr«)m it, consisting principally of zinc bhmde 
with some galena, iron pyrites, and quartz (B, 313). 


ZIRCON vnder GEM-STONES, 
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